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ABSTRACT
This research is an initial step in a long term study of vegetation communities
of the Brasilia National Park. The vegetation contained within this reserve is
representative of an increasingly threatened savanna ecosystem (known locally as
cerrado), which extends across much of central and northern Brazil.
An intensive study focusing on both the principal woody vegetation
communities of the National Park and their associated soils was undertaken. Data
were collected from two years of continual fieldwork between October 1990 and
1992. This was the first systematic survey of its kind ever to be carried out within the
National Park of Brasilia.
Vegetation and soils were selected for analysis from a total of 26 sample sites
using the point center quarter method (PCQ). There was considerable heterogeneity
in the species composition of the sites sampled. While this can be largely attributed
to soil moisture gradients, other factors such as variations in fertility and topography,
or the presence of ironstone layers and sandstone outcrops, are all seen to be
influential. Even so, the dynamics of these vegetation communities cannot be fully
appreciated without considering the important role of fire in this context and
furthermore stochastic factors no doubt play a part.
This study confirms that the cerrado ecosystem has a highly diverse flora.
Nine different plant communities were identified within the National Park; cerrado
open scrub (campo sujo), cerrado scrub (campo cerrado), cerrado scrub with
emergents (Vochysietum), campo rupestre, cerrado rupestre, cerrado sensu strictu, as
well as dry, wet and flooded gallery forests. Within these different communities, (and
especially the gallery forests), species diversity was high: in all, a total of 380 woody
species with individuals > 5cm basal girth were recorded.
Ill
Having interpreted these data using a variety of statistical packages, various
management decisions and research priorities arising from the results are explored. In
this way, appropriate strategies relevant to the future conservation of the cerrado
ecosystem are identified.
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Introduction and statement of the problem
1.1 Savannas of the world
Savannas are tropical ecosystems characterised by a continuous, well
developed herbaceous layer consisting mostly of heliophilous C4 grasses and sedges
that show clear seasonal relationships to water stress, and an open, discontinuous
layer of trees and shrubs (Frost et al., 1986). Tropical savannas cover extensive areas
in Africa, Asia, Australia and South America (Fig. 1), occupying about 40% of the
tropics (Solbrig, 1991).
Recent synthesis of savanna research reveals that soil moisture, soil nutrients
and herbivory are the principal determinants of savanna structure and function
(Huntley & Walker, 1982; Bourliere, 1983; Sarmiento, 1984; Tothill & Mott, 1985;
Frost et al., 1986; Walker, 1987).
Soil moisture availability and soil nutrient status are the key factors affecting
both the balance between grasses and woody plants, and the patterns of primary
production. These in turn influence herbivory and the frequency and intensity of fire.
Human activity is another important determinant of savanna structure (Frost et al.,
1986).
Thus, the principal factors determining savannas can be distributed along two
axes (Frost et al., 1986): one related to plant available moisture (PAM), and the other
to plant available nutrients (PAN).
1.2 The Neotropical savannas
The Neotropical savannas cover an area over two million km2, extending from
Central America and the Caribbean to Paraguay and South-eastern Brazil (Fig. 2).
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Various lines of evidence show that they are very ancient and were probably
established by the early Tertiary or even earlier (Ab' Saber, 1971, 1977, 1981; van
der Hammen, 1983; Emmerich, 1990). A dynamic flux in the areas occupied by
neotropical savannas and forests occurred during the climatic fluctuations of the
Quaternary, with expansion of the savannas during glacial periods in the temperate
regions of the world and expansion of the forests during interglacials (Sarmiento &
Monasterio, 1975; Flenley, 1979; Prance, 1982).
The wide variety of the Neotropical savannas can be classified along two
main axes of variation: structural and ecological (Sarmiento, 1983). The structural
gradient comprises a gradual variation from an open treeless grassland to closed
woodland. The ecological axis is based on seasonality of the ecosystems, and is
divided into four major categories (Sarmiento & Monasterio, 1975): (1) Semi-
seasonal savannas appear under weak seasonal variation, with one and sometimes
two very short dry seasons producing a slight water stress. They occur as disjunct
patches in areas otherwise covered by rain forests. (2) Seasonal savannas, which are
the most widespread, are characterised by a rather long period of water deficiency.
(3) Hyperseasonal savannas are subjected to alternate periods of water shortage and
waterlogging during each annual cycle. They occur in areas which are poorly drained
for much of the year. Finally, (4) are the marshy savannas that experience long
periods of water excess. They occur in wet sites on valley sides or tableland margins
throughout the region.
1.3 The Brazilian savannas
The Brazilian savannas are called cerrados in the plural. The word cerrado in
Portuguese means 'dense' or 'closed' and designates a vast phytogeographic province
of Brazil (Eiten, 1978).
3
Cerrado is the natural vegetation of poorer soils in Central Brazil and covers
an area about 200 million hectares, representing some 23% of the country's surface.
1.4 Ecophysiological aspects
The cerrado trees and shrubs are of low contorted form with thick, corky, fire-
resistant bark. Many have sclerophyllous leaves with thick cuticles, sunken stomata,
and greatly lignified and sometimes silicified tissues. The xeromophic aspect of the
vegetation led to a number of workers concluding that it suffered seasonal water
stress (Rawischter, 1942; Ferri, 1943; Goodland, 1971). However, the fact that even
at the climax of the seasonal drought many plants maintained green leaves, caused
some to question this (Rawischter, 1942; Ferri, 1943). Based on further studies, they
concluded that the soil water reserves should be easily reached by the deep root
systems of the trees and shrubs of the cerrado, and they showed that these maintained
open stomata and active transpiration throughout the day in all seasons (Rawischter
et al., 1943; Ferri & Coutinho, 1958; Ferri, 1955; Schubart & Rawischter, 1950). The
adaptive significance of the high transpiration rates found in cerrado plants is that it
may help to maintain a favourable carbon balance, and promote the mass flow of
nutrients, particularly the highly mobile cations such as calcium and magnesium
(Goldstein & Sarmiento, 1987).
The presence of underground organs (xylopodia) in young and even
established trees and shrubs provides an efficient mechanism of water storage. This
permits young plants to survive in adverse situations, such as those brought about by
the dry season and by fires (Rizzini & Heringer, 1962, 1966; Rizzini, 1965;
Labouriau, 1966).
The high root/shoot biomass ratio gives an indication of the relative
development of below-ground parts. In cerrado ecosystems, as is general in savannas,
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fire, water and nutrient regimes seem to favour a strategy of stress tolerance through
the increase development of underground parts (Sarmiento et al., 1985).
1.5 Soil aspects
Alvim & Araujo (1952) and Waibel (1948) were the first authors to highlight
the xeromorphic aspects of the cerrado vegetation and relate them to chemical soil
parameters. Their work gave rise to the hypothesis of oligotrophic scleromorphism.
According to this, low soil mineral nutrient availability and aluminium toxicity are
considered the factors responsible for the development of sclerophylly in cerrado
plants (Arens, 1958a, 1958b, 1963; Arens, Ferri & Coutinho, 1958).
The cerrado soils are defined as Latosols (Oxisols, USDA Soil Taxonomy,
1975). Sand, sandy loam and clay are their predominant textural classes (Feuer,
1956). They are deep, well drained, acid and very poor in terms of mineral nutrients,
and frequently reveal ironstone layers (Furley, 1985; EMBRAPA, 1978; Benema,
1963).
In the Brazilian Central Plateau, these soils were formed over ancient
surfaces, distributed over plateaus (chapadas), which are highly weathered (Benema
et al., 1963; Ab* Saber 1963, 1971).
The predominant clay minerals are kaolinite, quartz, gibbsite, Fe oxides and
hydroxides (Macedo and Bryant, 1987).
There is a good correlation between soil colour and the kind of iron oxide
present. The dark-red and the reddish zones of the Red-Yellow Latosols exhibit
haematite and goethite mineralogy, whereas goethite is the main Fe component in the
yellowish zones (Schwertmann, 1971; Rodrigues & Klant, 1978; Volkoff, 1978;
Kampf& Schwertmann, 1983; Macedo & Bryant, 1987, 1989).
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The concept of soil fertility and vegetation community gradients in the
cerrado regions have received special attention from researchers. Differences in soil
resources have been reported between cerrado, dystrophic cerradao, eutrophic
cerradao and mesophytic forests (Goodland, 1971; Goodland & Pollard, 1973; Ratter
et al., 1976; Lopes & Cox, 1977; Ratter et ah, 1978a; Ribeiro et ah, 1982, 1983,
1985; Furley & Ratter, 1988; Ratter et ah, 1988; Cesar et ah, 1990; Ratter, 1992).
However, structural variations in vegetation in terms of density and size of
trees and shrubs observed in the typical cerrado vegetation communities cannot be
directly related to fertility gradients of soils. They result from the complex
interaction of the factors such as the effective soil depth, influenced by differing
drainage conditions, slope variations and the water table (Rodrigues, 1977; Ribeiro et
ah, 1982; Haridasan, 1992).
Along the valley bottoms the gallery forests have developed on acidic soils
with low base saturation and high aluminium concentrations. Only the top-soil
horizons present significant differences in respect to mineral nutrients compared with
upper slope formations, provided by the higher amount of organic material (Furley
1985, 1992; Ratter, 1992).
An inverse relationship has been observed between the cerrado vegetation
gradient biomass and aluminium availability in the soils (Goodland & Pollard, 1973).
Nevertheless, studies on the aluminium contents in leaves of cerrado trees and shrubs
concluded that high concentrations of this cation were not associated with low
contents of phosphorus or other essential nutrient minerals (Haridasan, 1982). The
precise determining effect of aluminium on natural plant communities remains
uncertain.
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1.6 Vegetation and phytosociological aspects (brief review of relevant literature)
Martius mentioned some common species of the cerrados of Minas Gerais in
1824 (Eiten, 1972), but it was Warming (1892) who carried out the first ecological
study of this vegetation.
Eiten (1972) presented an important synthesis about concepts, distribution
and ecological aspects of cerrado. Rizzini (1963, 1979) and Heringer et al. (1977)
provided lists of the principal woody species of cerrado region, and compared the
cerrado with other important floral regions of Brazil.
Phytosociological studies in Central Brazil gained a further impetus from the
Xavantina - Cachimbo expedition, organised by the Royal Society, from 1967 to
1969, with the co-participation of Brazilian institutions (Martins, 1989).
Frequency and abundance of woody species were estimated in gallery forests,
mesotrophic forests, cerradao, and different categories of cerrado, in several areas in
Mato Grosso, Goias, Brasilia, Minas Gerais and Sao Paulo (Ratter, 1971, 1980, 1987;
Ratter et al., 1973, 1977, 1978a, 1978b, 1988b, 1989;.Furley & Ratter 1988; Furley
et al. 1988). These studies established the floristic composition and vegetational
structure, and were related with abiotic factors and to edaphic properties in particular.
Based mainly on the fertility gradient, diagnostic trees and shrubs species were
distinguished and established as indicators of distinct plant communities.
A group of researchers from Sao Paulo state (Universities of Sao Paulo,
Campinas and Rio Claro), have added an important contribution in this field
(Martins, 1989).
For the Federal District (Brasilia), Ratter (1980) and Furley (1985) developed
studies of the soils and vegetation of Fazenda Agua Limpa, the research station of the
University of Brasilia. These studies motivated the development of several research
initiatives on the phytosociological and soil relationships in the region.
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Ribeiro (1985), Ribeiro et al., (1983) and Ribeiro & Haridasan (1990)
observed interesting relations between soil factors and phytosociological parameters,
in some areas of cerrado and cerradao in the Distrito Federal. Felfili & Silva Junior
(1988, 1992) studied some areas of cerrado, cerradao and gallery forests in the
Federal District. Ramos (1989) studied a dry mesotrophic forest on limestone-
derived soils, in Federal District.
1.7 The importance of fire within the cerrado landscape
The mineral nutrient cycle is strongly influenced by fire. Combustion
accelerates the nutrient cycling processes through the mineralization of the aerial
biomass and by depositing the remaining ashes at the soil surface. Fire also
accelerates nutrient loss to the atmosphere by gas emission and smoke (Wells, 1971;
Coutinho, 1979).
After a burn, an increase of some mineral nutrients has been observed in the
superficial soil layers of savanna vegetation. Contents of P, Ca, Mg and K stay
higher for about three or four months, before returning to their previous or lower
levels (Cavalcanti, 1978; Coutinho, 1980; Batmanian, 1983; Viro, 1984; Kellman,
1985).
Volatile elements such as N and S can be lost during the vegetation burning
(Coutinho, 1979). While the burnt areas export volatile elements, an input of
nutrients also occurs through the precipitation of solid particles or dissolved
substances in rain water (Coutinho, 1979, 1980). It was observed in Pirassununga -
SP that around l/6th of the exported minerals were returned within a year, (Coutinho,
1979).
Natural fires have been a common feature throughout geological time.
However, human activities have increased their frequency and impact (Flenley,
1979). Indigenous use of fire for hunting, crop management and also for tribal wars
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in Brazil preceded the arrival of the Potugueses colonisers in the 16th century
(Moreira, 1992). The Kayapo indigenous population has been using fire as a
management tool for centuries, in order to induce the fruit production of some
cerrado species (Anderson & Posey, 1985). Charcoal fragments found in cerrado
soils have been dated to 8,600 B.P. (Coutinho, 1981).
Fire is a strong determinant of cerrado plant communities (Moreira, 1992).
Fire-adapted morphological structures of cerrado plants, (e.g. thick corky bark)
which may differ according to species, are important factors for their establishment
in areas subjected to periodic fire (Rachid-Edwards, 1956; Coutinho, 1982, 1990;
Moreira, 1992).
Fire has a great influence on the life-cycle of cerrado species, and in many it
is the trigger for flowering and/or dehiscence of fruits, dispersion of seeds, etc
(Coutinho, 1977). Fire often induces changes in species composition and
consequently, structure in savanna communities (Menaut, 1977; San Jose & Farinas,
1983). Among the cerrado woody plants fire tends to favour species that have
protected meristems and/or that have the capacity to resprout from underground
meristems on rootstocks (Coutinho, 1982, 1990).
Fire does not cause significant mortality in established cerrado plants but
causes a top-kill (death of aerial parts of the plant, which generally resprout soon
after) on smaller individuals. So, periodic fires bring about a stratification of the tree
density, being detrimental for the recruitment of trees (Ramos, 1990; Moreira, 1992).
Suppression of fires increases the density, cover and basal area of trees,
favouring the establishment of fire-sensitive species of cerradao and forests.
Protection of fire in cerrado areas can gradually turn the vegetation into cerradao
(Coutinho, 1978a; Ratter, 1980). Conversely, cerrado areas subjected to repeated
fires over a long period tend to suffer progressive reduction of the arboreal
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component, and can eventually be transformed into campo sujo (Ramos, 1990;
Moreira, 1992).
Nevertheless, the detailed effects of fire on structure, species heterogeneity
and plant recruitment are virtually unknown for the cerrado. What is known,
however, is that fire is a crucial factor in creating a diversity of physiognomies
(Moreira, 1992).
1.8 The problem
Soil fertility is considered by many authors to be a major determinant of the
physiognomic gradient found in the cerrado vegetation (Goodland & Pollard, 1973;
Lopes & Cox, 1977; Queiroz Neto, 1982). However, some authors could not find a
simple relationship (Ribeiro, 1983; Furley & Ratter, 1988; Oliveira-Filho et al.,
1989).
Evident correlation of vegetation structure and floristic composition with soil
fertility were observed by comparing the mesotrophic cerradao and the calcium-rich
mesotrophic forest with the dystrophic cerradao and other cerrado vegetation types
(Ramos, 1989; Furley, 1992; Ratter, 1992; Ratter et al. 1973, 1977, etc.).
The present study aims to identify phytosociological patterns in the National
Park of Brasilia and to examine whether the vegetation communities are related to
soil properties. Distinct communities, are compared and classified, by means of
phytosociological patterns and soil properties.
The question to be investigated can be summarized as follows:
1. What are the phytosociological characteristics of the vegetation communities ?
2. What are the characteristics of the soils?




The Area of Study
2.1. Localisation
The Brasilia National park was established on 29th of November, 1961, by a
federal Decree. Its area is about 28,000 ha, and it is located between 15°35' - 15°45'S
and 48°05' - 47°53'W, in the Distrito Federal, in the Central West region of Brazil
(Brasil, 1979) (Fig. 3).
From a biogeographic point of view, the national Park belongs to the
morphoclimatic and phytogeographic domain of the cerrados (Ab'Saber, 1970). On a
local scale, according to the Land System of Cochrane et al. (1985) it belongs to the
Terras Altas da Superficie da Pratinha, in other words the high table-lands of
Pratinha.
It is important to note that the national Park is situated in the core area of the
cerrados (Ab'Saber, 1981; Azevedo & Caser, 1979) and is therefore, representative of
a substantial region within the Brazilian savanna.
2.2. Climate
The region has a seasonal tropical climate, with a distinct dry season, usually
from April to September. During the remainder of the year there is a wet season,
characterised by heavy rainfall (average of 1,526 mm), high atmospheric humidity,
less bright sunshine and greater cloud cover. Temperatures average around 25° C,
with a relative humidity average of about 80%, which can drop to less than 50% from
May to September (Eiten, 1984), (Table 1).
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Table 1. Climatic summary of the Distrito Federal based on two stations (1961-1980)
Average annual temperature, 25 4° C
Coldest months, June and July, average 18.3° C
Absolute minimum. 6.0° C
Warmest months, September and October. avcrng*31 5° C
Average ofycaily maximum. 28 3° C
Absolute maximum. 34 5° C
Average annual precipitation. 1526 mm
Average sum of the three driest months, June. July and August. 10.5 mm
Average of driest month, August. 1.9 mm
Average sum of the three wettest months, November. December, and January. 770 mm
Average ofwettest month. November. 279.0 mm
Maximum recorded rainfall during 24 hours. 132 8 mm
Average annual evaporation. 1586 mm
Months with most evaporation. August and September, 234-256 mm
Month with least evaporation. March. 76 mm
Average relative humidity, 50-51 % in August and September, to 80-82"• in December and January between rains
Driest recorded relative humidity, 13 %
Average annual insolation. 2409 hours; dry months with over 200 hours per month, wet months less but with over 130 hours per month
(^fter Eiten, 1984)
The Distrito Federal falls into Koppen's Aw - savanna subtype of the Tropical
Rain Climate category (Brasil, 1979),.tropical with a definite dry season, with a difference
between the average temperatures of the coldest and warmest months less than 5°C. In
Gaussen's classification, the area belongs to the Xeroquimenic region - dry winter
(EMBRAPA, 1978).
2.3 Geology
The region constitutes an anticlinorium exhibiting a semidomic shape, whose axis
slopes E-SE. The nucleus of that structure is formed from slates and metasiltites,
dissected by the erosive effects of geomorphic processes, while superposed quartzites
remain, forming a ring-like feature, around Brasilia. Because of this, the Paranoa river
and its tributaries, of which the National Park watercourses are part, form an annular
pattern (EMBRAPA, 1978).
Pre-Cambrian, Tertiary and Quaternary rocks appear in the stratigraphic column
for the region. From the Pre-Cambrian, the Paranoa Formation, Bambui Group, is
represented, and it is composed essentially of quartzite, phyllite, metasiltite and slate,
dominated by quartzite and phyllite (CODEPLAN, 1976). The base is formed by massive
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reddish brown siate, covered by a quartzite layer of about 20-25 meters thick and, above
them, a lateritic cover characterises the table-land of the Chapada da Contagem
(EMBRAPA, 1978).
The Tertiary is represented by the table-land formations (chapadas), that are
composed of detrital-lateritic covering. Different erosion cycles have resulted in plateau,
terraces and pediplains, covered by thin detritic deposits, partially lateritic, that can be
sandy, siity or clayey. The regional topography is limited by these lateritic layers that vary
from a few centimetres to five meters thick.
The Quaternary is represented by alluvial deposits distributed along water
courses, composed mainly of pebbles, sand and clay (EMBRAPA, 1978).
2.4 Geomorphology
According to Ab'Saber (1981) the cerrado occupies in its core area, the
interfluves of a huge plateau and is referred as the Dominios Tropicais dos Planaltos
Aplainados I/Uerpe/ietrados pelas Matcis de Ga/eria (Tropical domains of table-lands,
interpenetrated by gallery forests) (Ab'Saber, 1977). These 'Domains' are spread over an
area of about 2 million square kilometres and are composed of plateaus of complex
structure on crystalline and sedimentary surfaces. The plateaus may or may not be
covered by lateritic deposits. The soils are generally poor. The slopes are gentle and
pediplain and terrace levels offer evidence for the climatic changes during the Pleistocene
(Bigarella et al., 1975).
The Distrito Federal is situated on the highest parts of the Brazilian Central
Plateau. Its relief configuration composes broad and undulating levels known as
chapadas, long even slopes (pediplains and pediments) extending from the chapada bases
and residual hills to valleys, and areas dissected by the drainage of the local rivers. Both
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the chapadas and the pediplains or pediments are the result of geomorphic processes
during the Cenozoic producing residual flattening. The chapadas have been moulded
through etchplanation processes, during the Tertiary and the pediplains and pediments by
pediplanation and pedimentation processes, starting in the Pliocene and stopped during
the Quaternary by phases of dissection along valleys (Novaes Pinto, 1990).
The drainage cuts into the pediplains and chapadas forming the long and narrow
watercourses where the gallery forests and marshy palm groves (veredas) are found in
valley bottoms.
On wet grasslands surrounding the heads of the gallery forests, and on interfluves,
fieids of scattered earth hummocks (,munmdus) are sometimes found bearing cerrado
vegetation on their tops (Eiten, 1984; Axaujo Neto et al, 1986; Furley, 1986; Furley &
Oliveira, 1990; Novaes Pinto, 1990).
The landscape of the National Park covers three levels of erosion: the first lies
between 1,050 and 1,000 meters, where the landscape undulates gently; the second is
between 1,100 and 1,200 meters, where the relief is often quite steep and some cliffs
stand out; the third lying above 1,200 meters is the table-land of the Chapada da
Contagem which forms the watershed between the Amazon and Parana basins (Brasil,
1979).
< 1
The relief levels are part of the Plateau Region (Regiao de Chapadas) and
Paranoa Depression (Depressao do Paranoa), which compose the geomorphological
macro units of the Distrito Federal (Novaes Pinto, 1990).
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2.5 Soils
The soils of Brasilia National Park have been classified as Latosols (Oxisol,
USDA - Soil Survey Staff, 1975), Hydromorphic soils and Cambic soils (EMBRAPA
1978).
Among these soil classes, the Latosols are the most widespread in the area
(EMBRAPA, 1978; Camargo et al., 1986; Richter & Babbar, 1991). In the National Park
of Brasilia, they cover areas of the Contagem plateau and the slopes of Paranoa
depression.
The Hydromorphic soils are found supporting gallery forests or wet grasslands in
the valleys, or occur in localities where the water table emerges at the base of convex
slopes.
The Cambic soils are found on steep slopes, generally on the plateau shoulders
(EMBRAPA, 1978).
A hydro-topographic gradient in the cerrado landscape is perceptible, showing a
gradual change in the soil colour pattern. Well drained soils, with medium to clay texture,
deep and reddish, occupy the highest levels of the table-land, giving way, gradually, to
shallower yellowish soils along the slopes, down to the valleys, while at the same time the
depth of the water table decreases (Cole, 1958; Benema, 1963; Ab'Saber, 1963).
The Latosols can be subdivided, according to the amount of the free Fe oxides,
into Dark-Red and Yellow-Red (Adamoli et al., 1985; Camargo et al., 1986). However,
recent studies indicate that the colour hues are not controlled by the amount but by the
nature of iron oxides present. This variation in colour is attributed to the haematite and
goethite found in the soils. The clay fraction of the Latosols of the Distrito Federal is
composed mainly of kaolinite, gibbsite, amorphous materials, iron oxides and quartz. In
some Latosols kaolinite predominates, whilst in others gibbsite is more common,
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demonstrating the different weathering conditions which are related to the amount of
gibbsite in the soii (Rodrigues & Klant, 1978).
The Latosois are considered to be the most weathered of ail soils and their
dominant characteristics are associated with low silica/sesquioxides ratio, low base
exchange capacity, low activity of clays, and low content of weatherable minerals
(Wilding et ai., 1983). These soils have strong to moderate acidity, with the pH varying
between 4.0 and 5.5 and their textures range from clay to sand, the former being
represented mainly by the iron oxides and aluminium hydroxides (Goedert, 1985).
The Hydromorphic soil class includes those soils which have a water table at or
near the surface throughout the year or seasonally and have developed as a result of the
influence of surface water. They can be found generally in valleys, on flat areas exposed
to periodic floods, or on slopes where water flooding occurs (Eiten, 1984; Haridasan,
1990).
The wet grasslands (campo limpo), the Mcinrilia flexuosa palm groves (vereda de
burilis) and the damp gallery forests are associated witfr Hydromorphic soils (Eiten,
1984).
The Cambic soil profiles are not so developed as the Latosois, basically because
of the dynamic nature of the relief on the steep slopes where they occur. Their diagnostic
characteristic is the presence of a B Cambic horizon (USDA - Soil Survey Staff, 1975).
In the National Park they develop from phyilites, metasiltites, slates and quartzites,
forming dystrophic soils where cerrados, campos cerrados, campos nipestres and




The Phytogeographical Province of the Cerrado spreads over the Central
Brazilian region, which includes part of south of Mato Grosso, Mato Grosso do Sul,
Goias, Tocantins, the west of Bahia, the west of Minas Gerais, and the Distrito Federal.
The cerrado vegetation area extends to the south of Maranhao and Para, north of Piaui,
and as a narrow strip of land into the state of Rondonia. Disjunct areas can be found in
the States of Sao Paulo, Amapa, Roraima, and in some small areas of the Northeast
region, between the caatinga (a characteristic vegetation of the semi-arid region) and the
Atlantic Forest on the coast (Eiten, 1990). This vegetation province covers approximately
2 million km2, representing about 23% of the land surface of the country, exceeded only
by the Amazonian forest with 3.5 million km2 (Furley & Ratter, 1988).
The word cerrado has been used to characterise a distinct vegetation type. As a
biogeographicai term, it indicates the area of distribution of a vegetation complex in
which, in terms of area, the cerrado vegetation is the most important. The term cerrado
can also be used in a sensu lalo to indicate all the different structural forms of this
vegetation type such as cerradao, cerrado, campo sujo and campo limpo, or sensu
stricto, to denote a particular node in the vegetation continuum corresponding to a fairly
closed woodland (Eiten, 1978, 1986).
The nearest international equivalent of the cerrado is the word savanna, and
despite the use of this term in the most recent Brazilian vegetation classification (Brasil,
1982; Veloso et al., 1991), the term cerrado is used here as it is well accepted,
unambiguous and appropriate (Goodland, 1971; Eiten, 1986).
Cerrado vegetation occurs in a seasonal climate with a distinct dry season of
about five months, generally over old plateau surfaces where deep and weathered soil has
developed. The soils are acid, very poor in mineral nutrients, and rich in exchangeable
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aluminium. The cerrado woody plants have very deep root systems which allow them to
transpire and renew their leaves even during the dry season. They exhibit scieromorphism
which is probabiy related to oligotrophy of the soils rather than to measures to reduce
transpiration (Ratter, personal communication).
Differences in density, height and cover of woody plants, floristics, and soil
characteristics have all been used to distinguish the different plant communities in the
cerrado region. Although efforts have been made to establish a universal classification
using terms of world-wide currency (Beard, 1944; Eiten, 1972) most of papers on the
vegetation of the cerrado region refer to the different vegetation types lining more or less
the following mixed terminology: gallery forest, mesophytic forest, cerradao, cerrado,
campo sujo, campo limpo, vereda, and campo rupestre.
2.6.1 Gallery forest
The gallery forest is a typical evergreen tropical forest vegetation located along
the watercourses in valley bottoms. Physiognomy and species distribution patterns vary
according to topographical conditions and characteristics of the terrain. Slope and
drainage of the areas clothed in gallery forests vary greatly so the substrate can be
anything from comparatively dry to waterlogged. Soils are generally Hydromorphic,
Cambic or Latosols. The canopy is up to 20 to 30 meters in height and sufficiently
■closed to provide a 80 to 100% crown cover (Eiten, 1972; Ratter, 1980; Felfili, 1993).
The density of trees is variable, but the flooded forests are denser and poorer in
number of species of woody plants than the drier ones (Ratter, 1980). The gallery forest
of each stream generally shows a particular floristic composition, as well as a variation in
physiognomy and community related to zonation, changing from the margins abutting on
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other vegetation types (campo Iimpo, vereda, campo sujo, cerrado or cerradao) to the
valley bottoms (Ratter, 1980).
In the drier areas, the floors of the galleries are covered by a continuous layer of
litter, mainly composed of dead leaves and woody material from fallen branches and
trunks of trees and shrubs. Young trees are common as well as some herbs and shrubs.
Large trees with thick trunks (dbh > 30cm) of Copaifera langsdorffii, Emmoium nitens,
Hymenaea courbaril var. stilbocarpa, Maprounea guianensis, Oualea dichotoma and
Virola sebifera are common. Bela/igera ternata, Callisthene major, Machaerium
acutifolium, Pseiidobombax longiflorum and Tapirira guianensis are characteristic tree
species of the drier margins, forming a boundary with cerrado or campo sujo (Ratter,
1980; Felfili, 1993).
Where the streams have not cut deep banks swampy conditions occur and a rather
different flora occurs. Here Protium sp., Calophylhtm brasiliense and Tapirira
guianensis are important canopy trees (to 25 m) while in the understorey the rhizomatous
palm Geonoma schottiana, the tree fern Cyathea sp., and larger shrubs such as Malanea
macrophylla and Miconia nervosa are common. The muddy floor of the marshy gallery
forest is covered by a layer of dead leaves and woody material in varying stages of
decomposition usually stabilised by a root tangle. A number of tree species such as
Richeria obovata, Ferdinandusa speciosa and Byrsonima umbellata are very
characteristic of the margin of swampy gallery forest abutting on to damp campo limpo.
Near the edges of some gallery forests, on peat soils, there is a dense bush of thin,
small trees and shrubs where the principal species are Euplassa inaequalis, Ferdinandusa
speciosa, Hedyosmum brasiliense, Malanea macrophylla and Miconia chamissois.
Moving towards to the interior of these forests, thicker and taller trees of Calophyllum
brasiliense, Protium sp., Belangera ternata, Talauma ovata and Xylopia emarginata are
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Figure 4 - Characteristic toposeuuence of plant, communiues and soils found over sloping topography
in the Nauonal Park of Brasilia:
(a) 1) cerrado sensu sthcio: 2) cerrado scrub (campo cerrado); 3) ccrrado open scrub (campo sujoj; 4)
cerrado scrub wuh emergents (Vochysietum) on ironstone outcrops, ccrrado rupesire on sandstone
outcrops and campo rupestre on Litnosols; 5) campo limpo (grass and sedges communiues) or grass
communiues with patches of woody ccrrado on upraised mounds (campo de murundus); 6) gallery
forest.
(b) 1) cerrado ser.su sincio or. la) ccrrado sensu :tric:o. lb) ccrrado scrub, all on Latosois: 2) gallery
forest on Cambic soils (scmidcciduous) or on Latosols in the fringes with ccrrado vegetation, and on
Hydromorpnic soils in the lower parts of the catena, near the water courses.
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very important. In these flooded areas, tree species often develop characteristic root
systems showing adaptations such as buttress roots, stilt roots, "breathing-pegs" and
"knee-roots" (Ratter, 1980).
In flooded sites where the water levels are higher, Xylopici emcirgincita is the
absolute dominant tree, and the tall palm, Mauritia flexuosa, creates an attractive
landscape along their margins.
2.6.2 Cerrado "sensu lato"
In the cerrado communities of the Distrito Federal there is a physiognomic
gradient of woody vegetation (Fig. 4) that changes in a continuum from campo limpo to
cerradao. Cerrado sensu stricto represents the penultimate stage of closing of the
vegetation by trees and shrubs: the original meaning of the vernacular term was that the
vegetation was too closed to be penetrable when riding on a horse (Ratter, personal
communication).
These physiognomic categories of the cerrado vegetation are mainly related to a
topographic gradient of soil-water relationships (Furiey, 1985; Oliveira-Filho et al.,
1989). The cerrado sensu stricto or cerradao can occupy the highest, best-drained
portions of the gradient, on Dark-Red Latosols, and essentially are found on the same
type of soils, where more frequent burning has occurred cerrado sensu stricto tends to be
more frequent than cerradao.
Occurrence of campo sujo is generally related to the higher leveis of the water-
table during the rainy season, but can also be a result of excessive burning of the cerrado
(Ratter, 1980; Coutinho, 1980). Campo limpo commonly occurs in humid piaces,
generally over the lower slopes and in the bottoms of the valleys (Goodland, 1971;
Coutinho, 1978; Eiten, 1972, 1984; Haridasan, 1990).
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The campo limpo is a predominantly herbaceous vegetation type where grass and
sedge species are dominant and rare shrubs may appear. It is found on Hydromorphic
soils or Lithosols in such habitats as wet interfluves and strips alongside the gallery
forests, and is sometimes dotted with earth mounds. The mounds are called murundus in
Portuguese and the landscape of damp campo limpo bearing them is called campo de
murundu.
The murundus are earth mounds of variable size, form and height. They are
usually circular or elliptic in outline, generally ranging from one to three meters diameter,
and are often more than one meter in height. They support cerrado species on their
summits, which are made up of Latosols and beyond the reach of the wet season water-
table (Ratter, 1980; Ribeiro et al, 1983; Eiten, 1984). Work carried out in the Distrito
Federal has demonstrated the origin of murundus predominantly by a differential erosion
process promoted by runoff (Furley, 1986; Araujo Neto et al., 1986), although in other
localities termite action may be the principal cause (Furley & Oliveira, 1990).
Vereda is typically a grove of the tall fan-palm Maiiritici flexntosa , generally
associated with flooded areas along the gallery forests or in seepage areas on slopes.
Campo sujo (Portuguese for 'dirty field') is a form of cerrado sensu laio
dominated by the herbaceous layer, but with sparse occurence of shrubs and often some
trees. It is generally associated with shallow Yellow-Red Latosols, and also with
Lithosols (Eiten, 1972). The herbaceous layer is many times richer in species than the
shrubby component, and many species of Gramineae, Compositae, Leguminosae,
Rubiaceae, and Myrtaceae are very important constituents. The shrubs are often dwarfed
*
specimens of cerrado tree species .
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A characteristic shrubby community consisting principally ofMyrsine gitianensis,
Vellozia Jlavicans, Conncirus suberosus var. fulvus, and Kielmeyera coriacea is found in
some areas. Its occurence seems to be related to the depth of the water table.
Cerrado sensn stricio and the somewhat more open campo cerrado constitute the
most important vegetation in the central Brazillian region in terms of area. They are
usually associated with a range of soils from Dark-Red and Yellow-Red Latosols, Cambic
soils and Lithosols. The herbaceous layer contains the same species that occur in the
campo sitjo, where mainly grass species share dominance with the sub-shrubs (Eiten,
1972; Ratter, 1980). The trees and shrubs are scleromorphic, with thiqk bark, leathery
and/or pubescent leaves, and are mainly evergreen (Furley &. Ratter, 1988). The heights
of trees are usually about 3 to 10 meters and the crown-cover is between 1 to 70%, from
campo cerrado to dense cerrado sensu stricto (Eiten, 1972; Ribeiro et al., 1982a, 1982b).
The commonest species of trees are Vochysia thyrsoidea, Pterodon pubescens, Oualea
grandiflora, 0. parviflora, Caryocar brasiliense, Eriotheca pubescens, while Kielmeyera
coriacea, Erylhroxylon suberosum, Connarus suberosus var. fulvus are very common as
shrub species. The palm trees Syagrtis comosa and S.JTexuosa are common shrub
components, and the monocotyledonous Vellozia flavicans is also an important shrub
(Ratter, 1980).
2.6.3 Cerradao
Cerradao (the Portuguese augmentative of cerrado) is the closed forest form of
cerrado sensu lato, representing the ultimate end of the vegetation gradient. Here trees
present erect trunks with a canopy at about 8 to 15 meters, and a crown cover between
70 and 100%. The herbaceous layer is less dense than in other forms of cerrado sensu
lato as a result of shade, and in closed sites different species may appear. The commonest
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tall trees of cerradao in the Distrito Federal are Bowdichia virgilioides, Blepharocalyx
salicifolia, Siphoneugena densiflora, Emmotum miens and Caryocar brasiliense.
Some cerradao tree species are rarely or never found in more open forms of
cerrado, e. g. Emmotum nitens, Callislhene major and Siphoneugena densiflora, but
these and various others, such as Copaifera langsdorffti, Anadenanthera peregrina,
Astronium fraxinifolium and A. urundeuva are common in mesophytic forest. As has
been pointed out in works considering Central Brazilian vegetation (Ratter et al., 1977;
Rizzini, 1979), the cerradao and mesophytic forests share many floristic elements.
2.6.4 Campo rupestre
The campo rupestre is a vegetation type that occurs in the Distrito Federal on
Cambic soils outcrops of quartzite or sandstone, or on shallow, sandy soils, derived from
those rocks, and is humid only during the rains, drying out during the dry season (Eiten,
1984). It is predominantly herbaceous, but contains some small, often rachitic, trees
about 2 to 3m tall which give from 1 to 10% cover. Many campo rupestre species have
small, leathery leaves, and a common growth form is the low subshrub of ericoid form.
Many species of the campo rupestre are endemic, and characteristic well-
represented families are the Velloziaceae, Compositae, Eriocaulaceae, Melastomataceae,
Xyridaceae, Iridaceae and Gramineae (Ribeiro et al, 1983).
2.7 Fire
Fire has been shown to be the cause of changes in cerrado vegetation structure,
and is regarded as an important factor for the existence of many savannas in Africa and
Australia, as well as grasslands, prairies and chaparrals in the USA (Coutinho, 1980).
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In grassland and woodland savannas, the fire succession is essentially a vegetative
recovery process. It is rapid, lasting one year under humid tropical conditions, and up to
four years in semi-arid savannas, creating great changes in plant populations. At least in
grassland and mesic savannas, the fire regimen is a crucial determinant factor (Kruger,
1984, Frost, 1986).
Fire has been reported to stimulate the expansion of the herbaceous flora, at the
expense of the arboreal and shrubby element, changing areas of cerradao into cerrado
sensit stricto or campo sujo (Goodland, 1979; Ratter, 1980; Ramos, 1991; Moreira,
1992).
Despite the inadequate knowledge about fire as an ecological factor in the cerrado
(Coutinho, 1982), it is quite evident that fire plays an important role on structure and
physiognomy (Moreira, 1992).
In the cerrado areas of central Brazil, fire has been a seasonal event, and the
amazing extension of annual burnt areas has caused concern to the authorities. Specific
programs on fire research, prevention, combat and education have been developed in the
last few years by official agencies.
The National Park of Brasilia has suffered seasonal fires to varying degrees,
depending on factors such as the amount of rainfall, duration of the previous rainy
season, quantity of dry combustible material present (which depends on the previous fire
history) and of course on the prevention programs (personal observations).
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Chapter 3
The nature and distribution of soils within Brasilia National Park
3.1 Introduction
The first detailed studies on the soils of cerrado region started in the nineteen
sixties (Bennema, 1963), and only since the seventies have they developed
significantly (Adamoli et al., 1986).
The development of soil studies in central Brazil is associated with the
expansion of the agricultural frontier and the establishment of Brasilia as a new
capital of the country towards the end of the 1950s. However, it was only after the
inauguration of EMBRAPA (the national agricultural research agency) in 1973 and
the establishment of its Centre for agriculture research of the cerrado (CPAC), which
was charged with undertaking the necessary studies for developing regional
agriculture, that there was a major stimulus in the study of cerrado soils.
Within the Distrito Federal, soil research was greatly advanced by the
publication in 1976 of the soil survey carried out by EMBRAPA (CPAC), resulting
in the production of a 1:100,000 scale soil map (EMBRAPA, 1978).
Nevertheless, the present work is the first detailed study of soils in the
National Park of Brasilia. The research basically aims to characterise the soils
associated with the distinct vegetation communities and also to analyse the relations
between soil type and the geomorphic characteristics within the typical cerrado
terrain of the National Park.
3.2 The soil classes of the National Park
Brazilian soil classification corresponds to that of the US Soil Taxonomy




Figure S - Soil map of Brasilia National Park
Soil class
: I LEd - Dark-Red Latosols
I I LVd - Red-Yellow Latosols
!-^l Cd - Cambic soils
IM*»I Hd - Hydromorphic soils
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emphasis on colour, base saturation, and vegetation (Sanchez, 1976). The soil
classification system adopted in the present research is based on the EMBRAPA
(1978) soil survey of the Distrito Federal.
The principal soil classes found in the National Park (Fig. 5) are Dark-Red
Latosols, Red-Yellow Latosols, Cambic soils, and Hydromorphic soils (EMBRAPA,
1978).
These soil classes are based mainly on the type of B horizon, base saturation
percentage, clay activity, type of A horizon, textural class and drainage class. They
are subdivided into distinct phases that constitute different soil map units (Appendix
1). The criteria for phase determination take into consideration the vegetation, relief,
rockiness, and the presence or absence of pebbles and ironstone (EMBRAPA, 1978).
3.2.1 Dark-Red Latosols
Dark-Red Latosols are distributed over about 38% of the National Park area.
They are mineral soils, very deep, with moderate (ochric) A horizons, latosolic (oxic)
B horizons, medium to high clay textures, and are rich in aluminium and iron oxides.
They are generally dystrophic, and strongly to extremely strongly acidic
(EMBRAPA, 1978). This group of soils is always related to level or gently
undulating terrain associated with plateaus and long, gentle convex slopes. They
generally cover the highest lands of the National Park. They are fine textured soils
which have developed in a detrital-lateritic cover derived from the weathering of
Tertiary or earlier strata. Those soils with medium to coarser textures have originated
from the decomposition of quartzite (EMBRAPA, 1978).
3.2.2 Red-Yellow Latosol
Red-Yellow Latosols are distributed over approximately 33% of the National
Park area, according to the EMBRAPA survey. They are mineral soils that contain an
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ochric A horizon, and a latosoiic B horizon, They are dystrophic, with medium to
high clay textures. They are also deep, well to strongly drained, and are moderately
to strongly acidic (EMBRAPA, 1978). They have been formed by the same
weathering and geomorphic processes as the Dark-Red Latosols. In the National
Park, they are generally distributed on level, gently undulating terrain. They are
normally situated below the Dark-Red Latosols in the catenary sequence (Fig. 4),
reflecting periodic moistening leading to hydration of metal oxides such as iron
resulting in more yellowish colours (Macedo & Bryant, 1987).
3.2.3 Cambic soils
Cambic soils are characterised mainly by the presence of a Cambic horizon
(Soil Survey Staff, 1975) and cover about 22% of the National Park area.
Weatherable minerals are still evident and are generally found in the B horizon.
There is little or no discernible clay accumulation, and they are shallow soils, with
thin ochric A horizons. The B horizons are irregularly superimposed over C horizons,
with gravel, stones, concretions, and rock fragments throughout the profile. The soils
also show low base saturation, high silt content, low activity clay, and high
aluminium contents (EMBRAPA, 1978).
In the National Park they mostly cover steep slopes. They form a continuous
east-west belt, crossing the central-north parts of the area. They can also be found in
some disjunct patches, in the Bananal and Acampamento stream basin in the
southern parts of the Park.
3.2.4 Hydromorphic soils
Hydromorphic soils are the least well represented soil group in the area,
covering around 7% of the National Park. They are distributed along the valley
bottoms, where gallery forests can be found with associated campo limpo and the
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veredas. They are also common in some interfluves where the water table emerges at
the surface.
In the National Park the Hydromorphic soils group is represented by
Undiscriminated Hydromorphic soils, Dystrophic Hydromorphic Laterites and Allic
Hydromorphic Podzols.
3.2.4.1 Undiscriminated Hydromorphic soils
Of the Hydromorphic classes, the Undiscriminated Hydromorphic soils are
the most important in terms of area, and are found in three phases. The phase
determined by the occurrence of the gallery forests, is the one best represented in the
area, followed by the soil phases associated with campo limpo and veredas.
The three phases could not be separated on the EMBRAPA soil map. They
represent a soil complex that could not be distinguished at the sampling intensity
applied in the soil survey. The phases are referred to as Slightly Humic Gley, Humic
Gley and Organic soils.
The Slightly Humic Gley soils are characterised by water table influence,
which can be permanently near the surface or may oscillate during the year. The top
horizons are organo-mineral, overlying a grey soil layer, which indicates oxygen
stress and iron reduction. Mottles of yellow and red colours can be found throughout
this grey layer, and are related to water-table fluctuations. They are relatively recent
soils, undeveloped, shallow, and with clay as the predominant textural fraction. They
are badly-drained, dystrophic or allic. They have an A horizon which is mostly
organic and about 10 to 20cm deep (EMBRAPA, 1978).
The Humic Gleys are also organo-mineral soils. This soil group has higher
levels of water saturation than the Slightly Humic Gleys. The higher water levels
give these soils a thicker organic A horizon about 20 to 40cm deep (EMBRAPA,
1978).
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The Organic soils are dystrophic or allic, poorly developed and essentially
organic. They are formed by the accumulation of dead plant material in different
stages of decomposition and accumulate in flooded areas. They are black, with high
carbon contents (EMBRAPA, 1978).
3.2.4.2 Hydromorphic Laterite
The Hydromorphic Laterite soils are predominantly argillic. They are
dystrophic and badly-drained. Their principal characteristic is the colour of the redox
soil environment, which results from the oscillation of the water table. They are
mottled with a plinthic C horizon (EMBRAPA, 1978).
3.2.4.3 Hydromorphic Podzols
The Hydromorphic Podzols are soils with a prominent (umbric) A horizon
and a podzolic B horizon, generally formed below a well differentiated A2 eluvial
horizon. They are badly to imperfectly-drained in their lower horizons. They develop
from psammitic deposits, where the water-table forms seepage flushes (EMBRAPA,
1978). According to EMBRAPA (1978), this soil group is represented in the National
Park by a single small patch covered by campo limpo. This soil group is not
represented in the soil profile network set up in the National Park during the field
work.
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Figure 6 - Localization of the sample sites in the National Park of Brasilia.
I CERRADO NOVO SETOR; 2 CAMPO SUtO NOVO SETOR: 3 MURUNDU; 4 PISCINA 1: 5 CRISTAL 6 CERRADO MATOCROSSO;
7 TORRE 1; 8 CERRADO TORRE; 9 CAMPO LIMPO TRES BURACOS; 10 CERRADO TRES BURCOS i 11 CERRADO TRES BURACOS 1;
12 CAMPO SUJOMATOGROSSO; 13 BARRIGUDA: 14 VOCHYSIA 1; 15 BARRAGEM: 16 CERRADO CAPAO COMPRIDO;
17 INVERNADA: 18 RAPVELU 19 TRE.MB LEYETUM; 20 VOCHYSIA 2; 21 CERRADO PALMAS; 22 PALMAS; 23 CERRADO TORTINHO;
24 TRES BARRES: 25 ARNIC/VS; 26 CEMAVE; 27 BANANAL 28 CAPAO COMPRIDO
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3.3 General pattern of vegetation, topography and drainage and their relation to
soil
The soils of the cerrado region are distributed in a mosaic-like pattern, and
distinct vegetation communities can be found associated with particular situations. A
model of the broad relation between topography, drainage, soil and vegetation has
been presented in Fig 4.
A number of authors have found strong correlation between increased
biomass production in the gradient of the cerrado woody vegetation from campo sujo
to cerradao and increasing soil fertility (Goodland & Pollard, 1973; Lopes & Cox,
1977). However, data from other authors have not supported these relationships, and
show that the variations of tree and shrub densities in different cerrado physiognomic
forms are not necessarily determined by the soil fertility (Ribeiro, 1983).
These apparently contradictory results can be partly explained by the
occurrence of two floristically and pedologically different forms of cerradao (Furley
& Ratter, 1988). Mesotrophic cerradao characterised by the presence of the tree
species Magonia pubescens and Callisthene fasciculata is found on mesotrophic
soils while dystrophic facies cerradao relates to more dystrophic soils (Ratter, 1971;
Ratter et al., 1973, 1977; Araujo, 1984). Apart from these characteristic forms of
cerradao on mesotrophic or dystrophic soils, the existence of other typical
physiognomic categories of cerrado vegetation does not seem to be directly related to
differences in soil fertility. The occurrence of this continuous gradient of the cerrado
vegetation (from cerradao to campo limpo) seems to be related according to some
authors to a combination of factors such as soil depth, presence of a concretionary
ironstone layer, variations in the topography and in the depth of the water-table
(Eiten, 1972; Haridasan, 1992).
Most research on soil-plant relations in the cerrado region has focused on
cerrado sensu stricto and on cerradao typically on Latosols. However, the vegetation
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communities of the Brasilia National Park exhibit variable physiognomy and floristic
composition and their relationships with soil will be explored after an examination of
soil properties.
3.4 Methods
In order to characterise the soils associated with the vegetation communities
surveyed in the National Park and to investigate their interrelationships, soil profiles
were sited in each vegetation community. A total of 26 profiles were dug to a depth
of approximately 1.50m and soil samples were collected and analysed for each
horizon. The vegetation communities from where the soils were surveyed are listed
in Table 2. Details on the vegetation characteristics are given in the next Chapter.
The localities of the sample sites in the National Park are shown in Fig. 6.
Table 2 - Soil profile numbers and the related vegetation sample sites
Profile no. Sample site Vegetation community Soil class - map unit
1 CERRADO NOVO SETOR Cerrado sensu stricto Dark-Red Latosol - LEd3
2 CAMPO SUJO NOVO SETOR Cerrado open scrub (campo sujo) Red-Yellow Latosol - LVd4
3 MURUNDU Cerrado scrub (campo cerrado) Hydromorphic soil - HLd
4 PISCINA 1 Gallery forest Cambic soil - Cd4
5 CRISTAL Gallery forest Dark-Red Latosol - LEd1
6 CERRADO MATO GROSSO Cerrado sensu stricto Dark-Red Latosol - LEd3
7 TORRE 1 Cerrado open scrub (campo sujo ) Red-Yellow Latosol - LVd13
8 CERRADO TORRE Cerrado sensu stricto Dark-Red Latosol - LEd6
9 CAMPO LIMPO Campo limpo (grassland) Hydromorphic soil - HLd
10 CERRADO TRES BURACOS 2 Cerrado scrub (campo cerrado) Red-Yellow Latosol - LVd9
11 CERRADO TRES BURACOS 1 Cerrado scrub (campo cerrado) Red-Yellow Latosol - LVd9
12 CAMPO SUJO MATO GROSSO Cerrado open scrub (campo sujo ) Red-Yellow Latosol - LVd4
13 BARRIGUDA Gallery forest Red-Yellow Latosol - LVd1
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Table 2 - Soil profile numbers and the related vegetation sample sites (cont.)
Profile no. Sample site Vegetation community Soil class - map unit
14 VOCHYSIA 1 Cerrado scrub with emergents (Vochysietum ) Red-Yellow Latosol - LVd11
15 BARRAGEM Cerrado sensu stricto Red-Yellow Latosol - LVd6
16 CERRADO CAPAO COMPRIDO Cerrado sensu stricto (marginal to a gallery forest) Dark-Red Latosol - LEd3
17 INVERNADA Cerrado rupestre Cambic soil - Cd14
18 RAPVEL Cerrado scrub (campo cerrado) Red-Yellow Latosol - LVd13
19 TREMBLEYETUM Thicket of Trembleya parviflora Plinthic - HLd
20 VOCHYSIA 2 Cerrado scrub with emergent (Vochysietum ) Red-Yellow Latosol - LVd11
21 CERRADO PALMAS Cerrado rupestre Cambic soil - Cd18
22 PALMAS Gallery forest Cambic soil - Cd4
23 CERRADO TORTINHO Cerrado sensu stricto Dark-Red Latosol - LEd2
24 TRES BARRAS Gallery forest Red-Yellow Latosol - LVd1
25 ARNICAS Campo rupestre Cambic soil - Cd19
26 CEMAVE Gallery forest Cambic soil - Cd4
(Profiles numbered in order of field analysis; soil unit codes after EMBRAPA (1978), see Appendix 1).
Soil profiles were described following the methodology outlined in Brazilian
manual of description and soil collection (Lemos & Santos, 1984).
Chemical and granulometrical analyses were carried out by the EMBRAPA-
CPAC soil laboratory, from which were obtained the sand, silt, and clay textural
fractions , pH (H2q), Al, H + Al, Ca + Mg, C, N, P, K, and Na. The Organic
Material Percentage (O.M.%), the Cation Exchange Capacity (CEC), the Percentage
Base Saturation (V%) and the Al saturation were calculated as follows (Kiehl, 1979):
%O.M. = C%x 1.724
V% = S/Tx 100
S = Ca + Mg + K + Na
CEC = T = Ca + Mg + K + Na + H + AL
Al Sat % = (Al/S + Al)x 100
The following methods of soil analysis were used by EMBRAPA (adapted
from Vettori, 1969):
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1. Texture: For the estimation of silt and sand, 20 grams of air-dried fine soil were
dispersed by NaOH IN, in 100ml of distilled water. The textural fractions were
analysed by pipette. For the clay fraction the sample was dispersed in distilled water.
2. pH was determined in water (2:1 water soil ratio).
3. Ca + Mg and A1 were determined by extraction with KC1 IN; Ca + Mg was
measured by titration with EDTA, and the A1 by titration with NaOH, using a
bromothymol indicator.
4. P, K, and Na were extracted with HC1 0.05N, plus H2S04 0.025N (Mehlich or
North Carolina extractant). The measurement of K and Na was carried out by flame
photometry, and the detection of P was made by colorimetry in a phosphomolybdate
complex, with ascorbic acid as the reducer.
5. Total acidity (H + Al) was obtained using a IN calcium acetate extractant solution
at pH 7.0. The determination was made by titration with NaOH, in the presence of
phenolphthalein.
6. C content was analysed by the Walkley-Black method. Total Nitrogen was
measured by the Kjeldahl method. The total organic matter was estimated from the C
figures (x 1.724).
The limits and frequency classes for different soil properties (low, medium and high)
accord with the recommendations of Malavolta (1976) and Kiehl (1979). The limits
were based on production x soil nutrient concentration curves, obtained for cultivated
plants.
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Although the critical limits of mineral nutrients for native plants are not precisely
known, the frequency classes indicated for the cultivated plants are useful as
comparative figures.
3.5 Results
The results obtained in the present study from the soil profile descriptions and
soil chemical analysis permitted the comparison of the sites studied with those of the
EMBRAPA soil survey map . The raw data of the soil properties are presented in
Table 3. The patterns of the soil properties are given in Figs. 7 to 24 showing the
distribution of the soil parameters in A and B horizons, for each vegetation type. The
full soil profile descriptions are given in Appendix 2.
3.5.1. The variation within mapped soil classes
Despite the great value of the EMBRAPA soil map, it was not sufficiently
detailed to relate to vegetation communities on minor topographic and drainage
features within the National Park. The soil profiles and analyses revealed patterns
that did not accord well with the EMBRAPA survey, suggesting that a number of
phases or even soil classes mapped by EMBRAPA on the National Park should be
revised. Table 4 gives the soil units which were found to be different from the
EMBRAPA survey.
Table 4 - Proposed changes to the soil map of the Brasilia National Park




9 LVd 13 HLd association (plinthic)
14 LVd 11 LVd 10
18 LVd 13 LVd 10
19 Cdl2 HLd association (plinthic)
22 Cd4 Cd (medium texture phase)
23 LEd3 LEd2
24 HLd LVdl
26 LVd2 Cd (medium texture nhase)
Obs: LEd = Dark-Red Latosols; LVd = Red-Yellow Latosols; HLd & Hi = Hydromorphic soils;
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3.5.2. Physical and chemical soil characterisation
Soil properties were analysed in order to characterise the selected sites, and in
an attempt to relate the determinant soil properties of different plant communities.
The soil analysis data are presented in Table 3, and Table 5 shows the ranges
and averages for the A horizons. The soil profile descriptions are given in Appendix
2.
Table 5 National Park Soil Analyses (A horizons) _
Min. Max. Mean SD (n = 26)
pH (unit) 4.10 6.10 5.0 ±0.40
A1 (cmol/kg) 0.00 2.82 0.78 ±0.80
H + A1 (cmol/kg) 0.00 20.20 7.71 ±3.60
O.M. ( %) 0.14 18.58 4.19 ± 2.90
C (%) 0.08 10.78 2.43 ± 1.70
N (%) 0.04 0.95 0.24 ±0.20
C/N (unit) 1.16 30.74 10.40 ±3.70
P (ppm) 0.20 3.70 1.44 ±0.80
Ca + Mg (cmol/kg) 0.08 15.28 1.71 ±3.40
K (ppm) 0.00 179.00 30.03 ± 32.93
S (cmol/kg) 0.08 15.84 1.77 ±3.40
CEC (cmol/kg) 0.09 25.34 9.39 ± 5.50
V (%) 2.21 62.51 13.80 ± 16.50
SAND (%) 5 83 37 ±25.30
SILT (%) 1 60 14 ±7.70
CLAY (%) 9 82 45 ±21.60
3.5.2.1 pH
The pH values found in the soil profiles of the National Park agree with
previous work in the cerrado region, which observed that the cerrado soils are of
medium acidity. In the National Park soils (see Tables 3 and 5), about 41% of the pH
values are grouped as very acid (< 5.0), 53% are considered acid (5.0 to 5.5), 5%
belongs to the class of the moderately acid soils (5.5 to 6.0), and only 1% are
considered as slightly acid to neutral (> 6.0).
The moderately acid soils were found in profile no. 5 (see Table 3), in a
gallery forest site (CRISTAL) and in a cerrado in the edge of a gallery forest in
profile no. 16 (CERRADO CAPAO COMPRIDO), both in Dark-Red Latosols. The
slightly acid pH was also found in profile no. 26 in a gallery forest sampling
(CEMAVE) in a Cambic soil.
60
The pH values shew a general tendency to increase with profile depth (Fig.
7). However, within profiles no. 6, 16, 17, 21, and 26 the reverse occurs. This
decrease in pH with profile depth is likely to be related to the higher Ca + Mg
content of the surface horizons. In profile no. 17 the decrease of pH with depth
parallels an observed increase in the A1 saturation and A1 content in the B horizon.
3.5.2.2 AI, H + A1 and A1 saturation
Although the tolerance levels and mineral requirements are not precisely
known for most of the native cerrado plants, critical levels for cultivated plants have
been used to interpret the soil chemical properties. Thus, contents above 1.0 cmol/kg
of Al, 20% of Al saturation, and 5.0 cmol/kg of H + Al are considered high, and
toxic for the cultivated plants (Goodland, 1971b; Goodland & Ferri, 1979; Lopes &
Cox, 1977; Malavolta, 1976).
The Al distribution in frequency classes show that 48% of the results belong
to low levels (0.0 to 0.3cmol/kg ), 37% are considered medium (0.4 to 1.0 ), and 15%
high (>1.0 ) ( Malavolta, 1976).
Approximately 74% of the profiles had Al saturation above 20%.
The frequency class distribution of H + Al reveals that 43% of the soils are
considered to possess high total acidity (> 5.0 ), 36% medium (2.0 to 5.0 ), and 21%
low (< 2.0 ).
In general, the A horizons revealed higher Al, H + Al and Al saturation
contents than the B horizons (Figs. 8, 9 and 10). In the National Park, the titrated
acidity (H + Al) was higher for the forest profiles than for the cerrado ones. This
might be related to the amount of organic matter which is higher in the soil surface
and within the gallery forest than in the cerrado sites.
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3.5.2.3 Organic material, N%, C% and C/N
The amount of organic matter found in the soil profiles shows that 33% of the
values are low (<1.50%), 26% are medium (1.50 to 2.50), and 41% of the values are
high (> 2.50%). The frequency classes of C are distributed as 32 % low (< 0.8 % ),
24 % medium (0.8 to 1.4 % ), and 44 % in high values (> 1.4 % ). The distribution of
N contents shows that 13 % of the values are considered low (< 0.08 %), and the
remaining 87 % are medium (0.08 % to 1.4 %).
The values of O.M. %, C %, and N % in the soil profiles, generally show the
same pattern (Figs. 11,12 and 13). This was expected because of their well known,
strong inter-correlation (Kiehl, 1979). The A horizon percentages are generally
higher than those of the B horizons and the soil profiles located in the gallery forests
showed higher values for these properties than those in the cerrado.
The mean values of the C/N ratio, or the stage of humification of the soil
organic material, varies for most tropical soils between 10 and 15 (Kiehl, 1979;
Brady, 1984; Goedert, 1985). In the National Park soil profiles, about 68 % of the
C/N ratios were found in the low distribution class (C/N < 10), 25 % of the values
were considered as medium, between 10 and 12, while 7 % of the ratios were
considered high, (C/N > 12%) (Fig. 14). The ratios can be explained as a result of the
mineralization of nitrogen, which is variable throughout the year, reaching its
highest concentration during the rainy season (Goedert, 1986). The high values might
be directly related to recent litter accumulation, and indirectly to high acidity and low
availability of Ca and Mg, or possibly to both these factors acting together (Kiehl,
1979).
3.5.2.4 Phosphorus
Most soils of the cerrado have low total phosphorus contents with very low
quantities in extractable form. Less than 0.1 % of phosphorus is found in the soil
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solution, and more than 90 % is in an adsorbed state (Goedert, 1986) and therefore
not readily available to plants.
All the analysed profiles in the National Park have low concentrations of P.
Amongst them, 65 % have concentrations of P below 1.5 ppm, 26 % stand between
1.5 and 2.0 ppm, and only 9 % of the profiles have contents of P higher than 2.0
ppm.
Most of the P is concentrated in the A horizons as a result of the strong
correlation between P and organic matter (Brady, 1984) (Fig. 15). The gallery forest
soils have higher contents of P than the cerrado. A slightly higher content of P was
found in some Cambic soils carrying cerrado vegetation.
3.5.2.5 Ca + Mg
These cations are generally found in low quantities in the cerrado soils, which
are acid and strongly weathered (Goodland, 1979; Lopes & Cox, 1977a, 1977b;
Cochrane, 1989).
The quantities of Ca + Mg in the soil profiles show that 91 % of the figures
are below 3.0 cmol/kg, which is considered very low, and only 2 % of the values are
medium (3.00 to 5.00 cmol/kg), and 7 % high (> 5.0 cmol/kg) (Malavolta, 1976;
Kiehl, 1979).
Profile no. 26 in a Cambic soil associated with a gallery forest had the highest
contents of Ca + Mg in the National Park (15.28 cmol/kg). Profile no. 5 in a Dark-
Red Latosol also associated with gallery forest showed the second highest value of
Ca + Mg (11.34 cmol/kg).
3.5.2.6 Potassium
Most of the cerrado soils show values below the 60ppm of potassium
regarded as the critical level for cultivated plants (Goedert, 1986; Goodland 1979).
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About 67 % of the soil profiles had low contents of K (<38ppm), 26 %
showed medium values of K (38 to 96 ppm), and 7 % of the soils analysed had
contents considered high (> 96 ppm).
The A horizons have higher contents of potassium than B horizons (Fig. 17),
as expected because of the positive correlation between potassium and organic matter
(Goodland, 1986).
In the National Park, the K values seem to be independent of soil class, but
profiles 26 and 21, both in Cambic soils, presented the highest values of this cation.
3.5.2.7 Cation Exchange Capacity - CEC, Exchangeable Bases - (S) and the
Percentage Base Saturation - (V)
The exchangeable bases (S) of the soil profiles indicates that 89 % of the
profile analyses have low contents of bases (< 2.62cmol/kg), 7 % have medium
(2.62 to 6.30), and only around 4 % have high quantities of bases (> 6.3).
About 52 % of the CEC values of were low (< 4.62), 40 % medium (4.62 to
13.30), and 8 % considered high (> 13.30) (Malavolta, 1976; Kiehl, 1979).
The frequency classes of distribution of the base saturation (Malavolta, 1976;
Kiehl, 1979) shows that 85 % of the computed values are very low (< 25 %), 10 %
are low (25 to 50 %), and the remaining 5 % medium (50 to 70 %). These numbers
confirm the poverty and the high acidity of these soils. The levels of bases such as Ca
and Mg are relatively low, so A1 tends to be the dominant cation.
The results show that the soil classes cannot be directly associated with
fertility, since different classes had either higher or lower levels of mineral nutrients
(see Table 3). The parent material, the vegetation cover, the amount of organic
material, the topographical situation and so on, are all important factors related to the
fertility of the soils (Brady, 1984). The A horizons have higher values than B
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horizons (Fig. 18 to 20) which is related mainly to the concentration of organic
material in the soil surface.
3.5.2.8 Sand, Silt and Clay
By the criteria of family classes (Soil Survey Staff, 1975), 62 % of the
samples were classified as clayey (> 35 % clay), 32 % were loamy (18 to 35 % clay),
and 6 % were sandy (< 18 % clay).
These data show that the studied sites vary quite widely in texture. They
range from clayey to sandy, and include most of the other intermediate classes (Fig.
21).
The textural fractions do not show any pattern between the soil classes. All
soil classes can have greater or lesser contents of clay or sand, but in general all of
them have low contents of silt..
The A horizons have generally higher percentages of sand than the B
horizons, which generally have higher amounts of clay (Figs. 22 and 24). The silt
percentages are variable between the A and B horizons, some have higher
percentages in the B and some in the A horizons (Fig. 23).
In the Latosols, the B horizon may have the same, or a higher percentage of
clay than the A horizon, but the Textural Ratio between B and A horizons (B/A)
cannot by definition, exceed 1.8 (Kiehl, 1979). However, in the National Park, some
soils classified as Latosols according to the EMBRAPA soil survey, were found in
the present study to have a B/A ratio higher than the limit defined for a Latosol (see
Table 3). This clay accumulation is characteristic of Ultisols (Brady, 1984).
3.5.2.9 Colour
Soil colour characteristics in field conditions reveal a wide range for the
component hue. About 26 % of the B horizons are 2.5YR, 24 % are 5YR, 22 % are
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7.5YR, 26 % are 10YR, and onl> one horizon shown 10R, but none are 2.5Y, 5Y or
5R. In relation to value, 91% of the samples had a range from 4 to 6. For chroma,
91.4 % of the samples ranged from 6 to 8. The dominance of yellowish colours
observed in the soil profiles is indicative of a low contents of organic matter and low
CEC in the soils (Kiehl, 1979). Another important point to be inferred from the
colour patterns are that most of them are represented by a transitional soil phase,
between the well-drained Dark-Red Latosols and the Hydromorphic Soils. This
colour pattern gives evidence of a moisture gradient (Macedo & Bryant, 1987) which
is certainly reflected in the distribution of the vegetation communities (see the catena
model in Fig. 4).
3.5.2.10 Soil depth, Ironstone layer and Soil water regime
The National Park lies in an area of very variable topographical conditions.
There are nearly flat areas on the plateau, gentle slopes leading to wide and long
valleys, and steep slopes in narrow and deep valleys, plus microtopographical
variations caused by the existence of resistant materials, and ironstone concretions. In
combination with drainage and other geomorphological factors, the soil cover results
in a mosaic-like distribution. These landscape features create a very diverse
morphology in the soils. Some are deep and well drained and others are shallow,
varying with the presence or absence of outcrops. All of these soil characteristics
combined with the variations in soil mineral availability create a very dynamic and
variable soil environment, that contributes enormously to the habitat diversity in the
area.
In the National Park the Dark-Red Latosols consist of deep, well-drained
soils, free of concretions or outcrops. Some Red-Yellow Latosols are well drained
and also free of ironstones or outcrops, while others contain ironstone concretions.
However, a common characteristic of the Red-Yellow Latosols is the oscillation of
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the water-table depth, which attains levels near the soil surface during the wet season,
especially in the lower parts of the catenas. The Red-Yellow Latosols localised in the
borders of the Contagem plateau, generally contain ironstone layers. The Cambic
soils in the Park are generally shallow with or without ironstone layers or outcrops,
but most of these soils are associated with sandstone outcrops. Descriptions of the
soil profiles are given in the Appendix 2.
3.6 Discussion
From the analysis of the results obtained in this soil study, three main aspects
emerge:
1. The inadequacy of the EMBRAPA soil survey of the Distrito Federal in terms of
soil classification of the National Park.
2. The characteristic relationships between soil morphology, topography and
drainage.
3. The spatially varied physical and chemical characteristics, forming a complex and
rapidly changing environment for plant growth.
3.6.1. Soil classification
Examination of the soil profiles shows evidence of existing gaps in the
EMBRAPA soil survey of the Distrito Federal, which failed to map important soil
units in the National Park. In fact the EMBRAPA survey did not study any profiles
within the National Park; the soils there were mapped using information from areas
considered similar in other parts of the Distrito Federal. Although such mapping by
analogy was a valid strategy for the aims of the EMBRAPA soil survey, a more
detailed and accurate soil map on a scale compatible with the needs of management
purposes is of great importance for the National Park.
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3.6.2. Soil morphology, topography and drainage relations
The soil class distribution in the National Park is related to the geomorphic
surfaces as originally described by Feuer (1956), consisting of an older erosion
surface at between 1000 and 1200 m elevation and a second erosion surface
constituting the pediment from 800 to 1000 m.
Dark-Red and Red-Yellow Latosols cover most of these erosion surfaces on
level or gently undulated terrain, carrying mainly cerrado vegetation. Sloping down
from the plateau border to the pediment, ironstone layers are commonly found. At
these places, deep, concretionary Red-Yellow Latosols develop, carrying cerrado
scrub (campo cerrado) communities and cerrado scrub with emergent trees. Cerrado
open scrub communities (campo sujo) cover the shallower patches of this type of soil
(See catena in Fig. 4).
On steeper slopes and ridges, typically Cambic soil profiles have developed.
Semideciduous forests, cerrado rupestre and campo rupestre are found on this type of
soil, but the last is found in shallower patches of lithosol.
Hydromorphic soils develop in the recently deposited material represented by
terraces and recent alluvial deposits. They are covered by damp gallery forests,
veredas and campo limpo. The presence of Hydromorphic soils in crest-slope
transitions in the higher parts of the pediment and in some slopes shows the influence
of lateral water movement, which seems to affect much of the distribution of cerrado
communities in the National Park.
Similar soil and related vegetation distribution is described in a soil
mineralogy study at the research station of EMBRAPA - CPAC (Rodrigues & Klamt,
1978), and at Fazenda Agua Limpa, Distrito Federal (Ratter, 1980; Furley, 1985)
confirming the direct relationship between the distribution of cerrado plant
communities and the geomorphic features of Central Brazil (see Fig. 4).
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The close relationship between topography, drainage and soil types is
reasonably well known for the central cerrado region. Macedo & Bryant (1987) for
instance, studied what they called a hydrosequence of Latosols in Central Brazil.
These authors describe a similar pattern of the soil distribution along the natural
drainage sequence to that found in the National Park of Brasilia. As in the National
Park, the well-drained Dark-Red Latosols are located in the upper parts of the plateau
(chapada), poorly drained Hydromorphic laterites are found in the edges of the
chapada, and Red-Yellow Latosols in intermediate drainage positions. Plinthite was
described in the zone immediately below the average depth of the water-table.
Only one representative profile was described as Plinthic in the National
Park. This profile (no. 19, Table 3) is located on the upper slopes near the border of
the Contagem chapada, whose water drains to the Tres Barras stream. At this site, the
level of the water-table oscillates near the soil surface throughout the year. The soil
is sandy with reddish mottles widespread in the profile.
3.6.3. Physical and chemical characteristics of soils in the National Park of
Brasilia
3.6.3.1 Topography and drainage influences.
The textural classes are variable in the soils of the National Park, some
profiles showing a high content of clay whilst others are sandy. In general, small
differences of texture and a low content of silt were observed from the surface to the
base of the profiles, features which are characteristic of Latosols (Bennema, 1963).
However, some profiles show high values for the B/A horizon ratio, which should be
lower (> 1.8) in Latosols according to Brady (1984). Such clay accumulation is more
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characteristic of Ultisols (USDA - Soil Survey Staff, 1975) and suggests that such
profiles are transitional to Podzols in the Brazilian classification.
The clay accumulation observed in some soil profiles (profiles no. 7, 14, 18
and 24) might be related to past soil genetic processes involving soil-water relations
(Macedo & Bryant, 1987).
According to Macedo & Bryant (1987), the hypothesis of development of
Red-Yellow Latosols is related to the continuous dissection of the peneplains
covered previously by Dark-Red Latosols. The progressive widening of the valleys,
caused retreat of the plateau escarpment to its present position. These recent
geomorphic processes and the climatic change from a drier macro climate to a
seasonal wet climate have resulted in the rise of the water-table. The hydrological
conditions of the Red-Yellow Latosols associated with the presence of organic
compounds near root surfaces may have induced selective reduction, dissolution and
removal of haematite from the upper horizons of the soils and/or transformed this
clay mineral to goethite.
This elevation of water-table levels, which is indicated as the controlling
factor in the development of the Red-Yellow Latosols, can be also associated with
the observed clay accumulation in the B horizons.
The first assumption is that, these argillic soils associated with Latosols
typically occupy positions in the catena which are younger or less stable than the
position occupied by the Latosols themselves (Macedo & Bryant, 1987). This seems
to be the case in the National Park, where the Latosols are found on more level and
stable areas.
The other assumption is that the translocation and deposition of clays are
explained by the usual model. This supposes that clays are dispersed when dry soils
are initially wetted, then move downward with percolating water. Redeposition
results largely from a sieving effect as water is withdrawn by capillarity into the soil
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aggregates, leaving the suspended clays as coatings on the surface of peds (Macedo
& Bryant, 1987).
All the soil profiles which contained an argillic horizon seem to correspond
with Macedo & Bryant (1987) assumptions. They are situated in less stable sites than
the typical Latosols and the water-table levels oscillate near the soil surface during
the rainy season.
The colours ofmost B horizons of the soil profiles showed a Red-Yellow hue,
value and chroma, that according to Kiehl (1979), are characteristic of well-drained
soils. In the National Park they are represented mainly by an intermediary soil phase,
between the better-drained Dark-Red Latosols and the Hydromorphic class. This
pattern is typically found on the sloping catenas in the central cerrado region
(Macedo & Bryant, 1987). The predominant colours are also indicative of nutrient-
poor and weakly organic soils (Kiehl, 1979).
As described before in this Chapter, the colours of the Latosols are correlated
with the kind of iron mineral present. According to Macedo & Bryant (1987) the
Dark-Red Latosols have haematite and the reddish zones of the Red-Yellow Latosols
have haematite and goethite, whereas goethite is the only iron component in the
yellowish zone of the Red-Yellow Latosols. This can also be a result of weathering,
with the removal of haematite changing the colour of the soil matrix from red to
yellow.
The same process of removal of haematite described by Macedo & Bryant
(1987), might be the controlling factor for the translocation and deposition of clay
observed in some soil profdes.
3.6.3.2 Chemical factors.
Although there is an important diversity of soil types with different properties
in the National Park, it is now possible to make a number of broad generalisations,
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based on the results found in the present study. Most of the soils are acidic, have low
cation exchange capacity and contain high levels of aluminium saturation. These
characteristics agree with various previous studies such as Goodland (1971) who
studied the soil-plant relations of the cerrado of Minas Gerais state, Queiroz Neto
(1982) in his synthesis of cerrado soils, Furley (1985) studying the soils of Fazenda
Agua Limpa, in Brasilia and Furley & Ratter (1988) in their review of soil resources,
plant communities and development of the cerrado. The figures of cerrado soil
properties can be seen in Table 6, and figures for other plant communities in the
cerrado region are given in Table 7.
Profile no. 26, Table 3, on a Cambic soil and profile no. 5 on a Dark-Red
Latosol, both from sites carrying gallery forest, are unique in the pattern ofNational
Park soils. These two profiles can be classified as mesotrophic, with regard to their
high contents of mineral nutrients, mainly Ca + Mg. Profiles no. 6 and 16 (both in
Dark-Red Latosols covered by cerrado vegetation) and profile no. 13 (Red-Yellow
Latosol carrying gallery forest), also show higher levels of Ca + Mg in their A
horizons although much lower than 5 or 26 and should also be considered as
mesotrophic.
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Table 6 Range and median values of soil properties in the Brazilian cerrado
Soil properties Median Range Comment
pH (H2O) 5.0 4.3-6.2 Nearly 50% have high acidity ( > 5 )
Ca (meq/lOOml) 0.25 0.04-6.81 96% below lower limit recommended for agriculture
Mg (meq/TOOml) 0.09 0.00 - 2.02 90% classified as low (queries over use of ex. Mg values)
K (meq/lOOml) 0.08 0.02-0.61 85% classified as low
Effective CEC (meq/TOOml) 1.1 0.35-8.10 84% <2 meq/100ml, indicative of high weathered soils
Al saturation (%) 59 1.1 -89.4 79% over 40% saturation (levels considered toxic for crops)
P (pg/ml) 0.4 0.1 - 16.5 Over 90% of soils had only l/5th of critical level (taken as 2 pg/ml)
Organic matter (%) 2.2 0.7-6.0 Contributes little to the effective CEC
Zn (pg/ml) 0.60 0.2-2.2 80% below critical level (at 0.8 pg/ml)
Cu (pg/ml) 0.65 0.0-9.7 70% below critical level (at 1.0 pg/ml)
Mn (pg/ml) 7.6 0.6-92.2 37% below critical level (at 5.0 pg/ml)
Fe (pg/ml) 32.5 3.7 - 74.0 No deficiency or toxicity levels but influences P fixation
Clay (%) 33.5 4.5 - 72.4 High clay contents related to P fixation and water holding capacity
Colour hue 5 yr 40% of freq. Indication of well drained soils
distribution
" value 4 45% of freq.
••
distribution
" chroma 6 50% of freq.
distribution
After Lopes & Cox (1977), (Compiled from Furley & Ratter (1988))
Patches of mesotrophic soil are widespread in Central Brazil, and have been
mentioned by Ratter (1971), Ratter et al. (1973, 1977), Araujo (1984) and Ramos
(1989). All these authors studied associations of characteristic vegetation
communities which are considered indicators of mesotrophic soils, such as
mesotrophic cerradao and mesotrophic forests. Table 7 shows the principal soil
properties characteristics of the dystrophic and mesotrophic cerradao.
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Table 7 Analyses of surface layers (0 - 15cm) of mesotrophic and dystrophic cerradao
Vegetation Locality pH (H2O) Ca* Mg* K* Al* P** N (%)
1 Mesotrophic facies cerradao Vale de Sonhos, MT 6.0 4.35 0.58 0.30 0.0 87 0.26
2 Mesotrophic facies cerradao Padre Bernardo, GO 5.4 3.25 0.82 0.16 0.62 108 0.23
3 Mesotrophic facies cerradaao Pandeiros, MG 6.5 7.58 1.36 0.08 0.0 50 0.14
4 Dystrophic facies cerradao Nr Cascalheira, MT 4.7 0.13 0.04 0.14 1.53 96 0.20
5 Dystrophic facies cerradao Nr Botanic Gardem, DF 4.8 0.20 0.17 0.1 1.0 45 0.18
6 Dystrophic facies cerradao Planaltina, DF 4.5 0.08 0.10 0.10 2.36 180 0.28
1- 4 from Ratter el al. (1977); 5, Ratter, previous unpublished data; 6, Ribeiro (1983) (0 - 20cm).
* cmol/kg; ** ppm
Compiled from Furley & Ratter, 1988.
3.7 Conclusions
Initially, it is important to mention that this is the first detailed soil study of
the National Park of Brasilia. A stratified set of soil samples covering the total area
of the Park was taken, related principally to the main vegetation communities.
Topography and drainage were also considered, since it has been shown in this and
other studies that they bear a close relationship to soil class distribution.
The EMBRAPA soil survey of the Distrito Federal which was the basis of the
soil classification used in this study, has been shown by the soil analyses and field
observation to be insufficiently detailed to distinguish the variability of the soils of
the National Park. Since the Park was not actually sampled during the EMBRAPA
survey of the Distrito Federal, it will be necessary to produce soil assessments, based
on systematic soil survey at a scale compatible with its management requirements.
Geomorphic characteristics such as topography and drainage, were shown to
be important determinant factors in the distribution of soil classes. The depth of the
soil, the water regime (level of the water-table) and the presence of ironstone and
outcrops are shown to be important determinants of soil distribution.
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The chemical properties of the National Park profiles indicate that in general,
the soils are strongly acidic, have low cation exchange capacity and contain high
levels of aluminium saturation. However, a group of mesotrophic soil profiles were
found having higher quantities of mineral nutrients, especially Ca + Mg.
The principal objectives of this study are to characterise the soils associated
with the most important vegetation communities of the Park, and to provide data on
soil properties determining cerrado vegetation distribution.
Although valuable information has already been obtained, some further
studies can be suggested here:
1. Some soil profiles show an accumulation of clay in their B horizons, suggesting
the existence of a transitional soil class. These soil profiles need to be further
investigated and if the presence of argillic horizons is confirmed, the soil
classification will need to be modified.
2. Detailed studies of the drainage and monitoring of water-table need to be
undertaken to establish more exact and quantified relationships with the vegetation
communities.
3. Some sites in the National Park have shallow soils that either remain saturated
with water throughout the year, or experience seasonal water-logging. In such areas,
Fe and Mn can play an important limiting role, and the more tolerant species of
plants can take advantage and become dominant. So studies relating the water regime
and the tolerance of some cerrado woody plant species to it, as well as the effects of
trace elements such as Mn and Fe could be important in the search for determinant
factors and need further investigation.
According to Foy (1984), quoted by da Silva (1991), manganese toxicity is
one of the principal factors limiting plant growth in acid soils. Studying the content
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of nutrients in leaves of most common tree species in three gallery forests in the
Distrito Federal, da Silva (1991) found toxic levels of Mn in 28 of the 72 species
studied.
4. Quantitative relationships between relative plant growth and soil nutrients is an
important aspect for investigation at least for indicator plant species of the principal
soil units. This would indicate plant nutritional requirements and help us to
understand their dynamics in the communities.
5. Further sampling areas carrying similar soil units should be studied to provide
further data relevant to soil/vegetation interrelationships.
6. This study was not able to cover all the National Park plant communities. For
example, some flooded areas carrying campo limpo and veredas could not be
included. The anthropogenic sites within the Brasilia National Park were also
excluded from this study. In future the work should be extended to include these
areas.
Finally, the present soil study has demonstrated a number of important
characteristics of the soil environment of the principal vegetation communities of the
National Park. It also provides a basis for future studies in the Park, providing
information for monitoring and management.
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Chapter 4
Phytosociology and floristics of the vegetation communities of the
National Park of Brasilia
4.1 Introduction
Although the flora and vegetation of the Brasilia National Park have been
studied since the 1970s analysis has been far from systematic. A number of
publications do exist, but they, like the botanical material which has been deposited
in the regional herbaria, are very incomplete. Before outlining the objectives of this
study therefore it is relevant to present a brief history of the recent botanical research
in the National Park of Brasilia. This allows us to recognise gaps in existing
knowledge and thus identify priority areas of research.
The management plan of the National Park of Brasilia (Brasil, 1979) provides
the first list of families and species in this area. It also presents tables with mean
values for the number of individuals per hectare in gallery forest, dense cerrado and
open cerrado. Unfortunately it fails to mention either the sample site locations or
methods applied in the survey.
In the course of the 1980s two significant research projects were undertaken
in the National Park of Brasilia. The first was the vegetation study of the
RADAMBRASIL project (Brasil, 1982) which established three phytoecological
stations in cerrado areas at the National Park, each covering about 1 ha. Shrubs and
trees of 10 cm diameter or more at a height of 30 cm from the ground were recorded.
In total 46 species were found, of which Oualea parviflora, Dalbergia miscolobium,
Caryocar brasiliense, and Ouratea hexasperma had the highest IVI (Importance
Value Index, see item 9, p. 82). Density ranged from 1400 to 2800 individuals/ha,
and basal area varied from 8 to 16m2/ ha.
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The second study was undertaken by Oliveira et al. (1982) working with the
point center quarter (PCQ) method in a cerrado sen.su stricto. They analysed woody
plants with a girth > 10cm, at a height of 30cm from the ground for individuals up to
2m tall (shrubs), and at 1,30m from the ground (gbh) for individuals > 2m tall (trees).
They found 45 species belonging to 28 families. The height of trees and shrubs
ranged from 1.4 to 4.0m, the density of trees was 567 individuals/ha and the density
of shrubs was 692 individuals/ha. The basal area was 9.0m2/ha for trees (individuals
> 2m tall) and 6.4m2 for shrubs. In the tree layer species such as Styrax ferrugineus,
Dalbergia miscolobium, Qualea grandiflora, Ouratea hexasperma, Eremanthus
glomerulatus, Pouteria ramiflora and Kielmeyera coriacea were recorded as having
the highest IVI. The most important species of shrubs were Ouratea hexasperma,
Connarus fulvus and Syagrus sp., followed by Kielmeyera coriacea, Syagrus
comosa, Roupala montana, Erythroxylum tortuosum and Salacia crassifolia.
In the 1990s the focus of research has shifted from taxonomy and basic
phytosociological studies to an emphasis on conservation and management. A project
called The Biogeography of the Cerrado Biome: zoning of biotic resources for
management and conservation (Brasil, 1990; Felfili et al., 1993) is currently being
developed by a group of scientists from the University of Brasilia, IBGE (Brazilian
Geographic and Statistical Institute), EMBRAPA (Brazilian Agency for Agricultural
Research) and the Brasilia Botanic Garden. The project aims to investigate the
heterogeneity of the biota within and between systems, propose an environmental
zoning system, investigate the distribution patterns of the biota, and identify priority
areas for conservation of cerrado genetic resources.
This project sampled some non-flooded gallery forests and areas of cerrado
sensu stricto in the National Park of Brasilia. Ten quadrats of 20 x 50m were set-up
in the cerrado areas, and transects subdivided into quadrats of 10 x 20m were laid out
in the gallery forests. Shrubs and trees > 5cm diameter at 30cm from the ground were
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sampled in the cerrado quadrats, and of the same diameter at a height of 130cm for
the gallery forests.
The research recorded 1036 individuals/ha belonging to 56 species in the
cerrado. Ouratea hexasperma, Caryocar brasiliense, Dalbergia miscolobium,
Kielmeyera coriacea, and Vochysia rufa were the species with the highest IVI. The
Shannon and Wiener diversity index was 3.34, and basal area 8.32m2/ha.
The same project recorded 67 species belonging to 29 families from the
gallery forest areas. The estimated plant density was 1645.4 individuals/ha, and the
basal area was 32.7m2/ha. The Shannon and Wiener diversity index was 3.38.
The vegetation and flora of the National Park of Brasilia were analysed in a
recent review of its management plan (FUNATURA, 1992). Although the
description of the vegetation and a list of species are included in this review, it is of
limited value as it fails to present new quantitative data.
A range of phytosociological studies have now been carried out on the
vegetation of the Federal District, providing a reasonable basis of information for the
region (see Chapter 1) . Even so, most of these studies have been concerned
exclusively with areas of gallery forests, cerradao, and cerrado sensu stricto. The
result is that important vegetation associations of the full range of physiognomic
forms of the cerrado continuum (Veloso, 1948) have been overlooked. In focusing
attention on precisely this topic, the research presented here seeks to further current
understanding of the cerrado.
The objectives of this study are as follows:
1. To identify distinct plant communities, with physiognomic and floristic
individuality in the National Park of Brasilia.
2. To establish permanent sample areas in these distinct plant communities, in order
to provide data of temporal change, thus enabling future studies of population
dynamics.
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3. To investigate these distinct communities through their basic phytosociological
parameters.
4. To analyse their structural and floristic patterns.
5. To contribute to the overall knowledge of the determinants of tropical savannas.
4.2 Materials and Methods
A systematic survey of the plant communities of the National Park of Brasilia
at reconnaissance level was made by covering the whole area by micro-light aircraft
flights, by car, and on foot. Interpretation of aerial photography on a scale 1:40,000
and of TM LANDSAT 5 image 1:100,000 were also carried out for the location of
sample sites.
The sample sites were chosen according to physiognomic and floristic
characteristics. The point-centered quarter method as described by Mueller-Dombois
& Ellenberg (1974), was used to inventory the vegetation. In this plotless method
points are sited along a line at fixed intervals not less than twice the maximum
interplant distance in the area (established at the outset by measurements between
random pairs of plants). The area around the point is divided into four quarters and in
each the point-plant distance, girth and identity of the nearest individual for each
size-class is recorded. Vouchers specimens for taxa unrecognised in the field were
collected and are lodged at the herbarium of the University of Brasilia (Brazil), UB,
and at the Botanic Garden of Edinburgh (UK.), E..
Because of limitations of time and resources available, the intensity of
sampling varied according to the area covered and the species-richness of different
plant communities. The species-richness of some sites was estimated by qualitative
observation during the preliminary studies and by reference to information from the
literature (Ratter, 1991). Plant communities considered species-poor or covering
smaller areas, were sampled at fewer points. Thus, 20, 30, 40, 60 or 100 points were
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established at different sample sites according to these factors. The total number of
sites sampled was 26, eight in gallery forest and 18 in cerrado vegetation.
In forest areas points were located at 10m intervals along the transects. In
cerrado two qualifying girth classes were recorded, > 5cm and > 30cm at base, so
that data on relative importance of species as larger and smaller individuals could be
obtained and the distances between points was varied, being at 10m intervals for
individuals > 5cm girth at the base, and at 20m intervals for individuals with girth >
30cm. The difference in inter-point distances adopted to survey the cerrado areas is
due to the sparser distribution of larger trees and shrubs in this vegetation. Plants
with a basal girth < 5cm were excluded, as were those shorter than 50cm.
The girths were measured by tape. Heights up to 5m were measured with a
graduated pole, while those above that were estimated, using the height of the tree
relative to the pole as a rough guide.
Analysis of the structure of plant communities was achieved by arranging the
data in girth and height frequency classes (Table 8). Graphs were then constructed to
display the plant size distribution in terms of percentage for each sampled area.
Table 8 - frequency classes of girth and heights
forest girth (cm) height (m)
1 5- 15 1 0.5-2.0
2 15-30 2 2.0-4.0
3 30-45 3 4.0-6.0
4 45-60 4 6.0 - 8.0
5 60-90 5 8.0-10
6 90- 120 6 10.0- 15.0




cerrado girth (cm) height (m)
1 5 - 15 1 0.5- 1.0
2 15-30 2 1.0-2.0
3 30-45 3 2.0-4.0
4 45-60 4 4.0-6.0
5 60-90 5 6.0-8.0




The phytosociological parameters were obtained using the software
FITOPAC2, written and developed by Dr. George J. Shepherd, of the Botany
Department of the University of Campinas - UNICAMP, Sao Paulo state, Brazil.
The data obtained from the point-centered method allow the following parameters to
be calculated:
1. Basal area of trunk.
2. Mean distance between plants (D) = Total point-plant distance / no. plants
3. Absolute density (abs. dens.) = Area / D2 (therefore no. trees per ha = 10,000 /
D2)
This can also be calculated for each species using the formula:
(no. trees of sp. in quarters / total no. trees in quarters) x (total no. trees in
10,000m2)
4. Absolute frequency (abs. freq.) = Percentage of points at which a species occurs
5. Absolute dominance (abs. dom.) = Total basal area (m2) of a species per ha
6. Relative density of a species =
= (no. of individuals of the species / total no. individuals) x 100
7. Relative frequency of a species =
= (frequency of the species / sum of the frequency of all species) x 100
8. Relative dominance of a species =
= (total basal area of the species / total basal area of all species) x 100
9. Importance value index (IVI) =
= relative density + relative frequency + relative dominance
Importance Value Index is designed to give an estimate of relative importance
of taxa in the communities.
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4.3 Diversity and evenness
The diversity of a community is dependent on the number of species and
evenness with which the individuals are apportioned among them. Thus, to describe
community diversity it is necessary to consider these two factors (Pielou, 1975).
The Shannon-Wiener index or Shannon index, is an estimate of diversity
which is based on the proportional abundance of species, taking both evenness and
species-richness into account (Pielou, 1975; Magurran, 1988).
1. Shannon-Wiener diversity index (IT)
H' = - Z Pi In pi
Pi = the proportion of individuals found in the ph species.
Pi is estimated as ni/N.
where: ni = The number of individuals represented by the ph species.
N = The total number of individuals recorded.
The value of the index is usually between 1.5 and 3.5, and only rarely
surpasses 4.5 (Magurran, 1988).
2. Evenness (J) (Pielou, 1975)
For any given number of species (i. e. a given species-richness), the highest
value of H' will be obtained if all the species present are equally abundant. There is,
consequently, a maximum value of H' for any given species-richness: H max. The
ratio of observed diversity (H1) to maximum diversity (H max.) can therefore be
taken as a measure of evenness (J).
J = H' / H max. = H' / In (S)
where S = no. species observed.
The maximum value of evenness is 1.0.
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4.4 Sample site description
The vegetation of the National Park of Brasilia has a mosaic-like pattern.
Plant communities with similar physiognomic and floristic characteristics can be
found repeated in the landscape, at sites with similar geomorphologic and edaphic
characteristics. Consequently, distinct plant associations were recognised, from
which sampling was carried out.
A varied landscape is produced by the terrain of the Contagem plateau and its
slopes, the dissected erosion levels, and stream valleys.
These geomorphic features and geological attributes give rise to an edaphic
distinction which seems to be the principal determinant of the present distribution of
the vegetation. These associated factors were also observed in other areas of
savannas by Frost et al. (1986), and related to the plant available moisture (PAM),
and the plant available nutrients (PAN), which indicates that the vegetation
communities are distributed either in a fertility gradient or in a moisture gradient, or
by the interaction of both gradients.
Fire and herbivory certainly have influence in the present plant distribution
(Solbrig, 1990), being selective, either favouring or being detrimental to the
establishment of certain species. Nevertheless, their effects are unknown in the
National Park of Brasilia.
The vegetation communities of the National Park of Brasilia can be described
as follows:
4.4.1 Cerrado sensu stricto
This vegetation type can be observed over the Contagem plateau and on its
gently sloping flanks, on very deep and well-drained Dark-Red Latosols and Red-
Yellow Latosols, particularly the former.
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The cerrado sensu stricto is dominated by a woody vegetation, consisting of
trees and shrubs. The ground layer is formed mainly by grasses, sub-shrubs and
sedges (Goodland, 1971; Ratter, 1980, 1991). This layer can be dense or sparse, and
in many places the soil is exposed. Shrubs, small trees and palms of less than 3m tall
are abundant, and taller trees, most lower than 12m, but sometimes reaching 18m tall
are sparser than the shrubs. The scrub formation and the trees together have a cover
ranging between 10 and 60% (Eiten, 1990).
4.4.2 Cerrado scrub (Campo cerrado)
This vegetation type is dominated by cerrado shrubs and small trees, and
larger trees are infrequent. It is not dense enough to suppress the ground cover
consisting of grasses and sedges, with many sub-shrubs and forbs, which is generally
denser than that found in the cerrado sensu stricto.
It is a typical shrubby community which in the National Park of Brasilia is
found at sites on gentle slopes, with deep, well-drained Red-Yellow Latosols. These
distinct plant associations have been distinguished within this physiognomic scrub
category.
1. Typical cerrado scrub can be observed just downslope in the catena, below the
cerrado areas of the plateau. It shows the same shrubby structure as in the cerrado
areas, but trees are rare.
2. The scrub community denominated as Vellozietum is found located downslope in
the same catena as the previous scrub community. This community is also found on
deep and well-drained Red-Yellow Latosols. The vegetation is dominated by the
monocotyledonous shrub Vellozia flavicans, which characterises the community.
3. Another typical cerrado scrub community is found in some sites over the plateau
borders, where the well-drained Red-Yellow Latosols include an ironstone layer,
about 70cm deep. Here the soil becomes water-saturated during the rains. These areas
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are distinguished by the dominance of the shrub Rapanea gulanensis associated with
Vellozia flavicans, which gives the name RAPVELL to the sample site.
4.4.3 Cerrado scrub with emergents
These communities are easily recognised by the presence of tall trees of
Vochysia thyrsoidea, emerging from a typical cerrado scrub (Vochysietum). They
can be found in the borders of the Contagem plateau, over concretionary Red-Yellow
Latosols.
4.4.4 Cerrado open scrub (Campo sujo)
This physiognomic category is known in Brazilian vernacular as campo sujo
(dirty field), and consists of a dense grass layer with sparse scattered woody plants,
shrubs or very small trees. The herbaceous layer consists of grasses and sedges with
many forbs and sub-shrubs, the same as those found in cerrado scrub sites. Many of
the shrubby species are dwarf individuals of the cerrado trees. This vegetation
category can be found in sites where the water-table is near the soil surface during
the rainy season, and the Red-Yellow Latosols become water-saturated.
4.4.5 Cerrado rupestre (Rocky cerrado)
This is found on sandstone outcrops on top of the hills, or on narrow terraces
on the sloping flanks of the interfluves of the Tortinho stream basin. Sandy Cambic
soils develop between the cracks of the rocks. In terms of physiognomy this category
could be classified as cerrado sensu stricto, but the geomorphic distinctness of its
sites, and also the presence of some characteristic species such as Terminalia
argentea and Miconia ferruginata indicate that it is better considered apart.
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4.4.6 Campo rupestre (Rocky field)
The physiognomy of this community could be considered as cerrado scrub,
but the presence of species such as Lychnophora ericoides and Vellozia swallenii
make it floristically different. This association is found on shallow Cambic soils
along the hillsides of the interfluve between the Tortinho and Tres Barras streams.
The soils are very dry during the dry season and saturated during the rains.
4.4.7 Murundu fields
Murundus are rounded earth mounds originating in this area mainly by
differential water erosion processes (Araujo Neto et al., 1986; Furley, 1986) . In the
National Park of Brasilia they can be found scattered on slopes and on field
catchments, surrounding gallery forest heads. They represent vestiges of past Latosol
surfaces which suffered dissection processes. Their tops are formed of the Red-
Yellow Latosols, and at their bases, Hydromorphic gleyed soils develop as a result of
the oscillation of the water-table level.
The vegetation of the murundus consists mainly of cerrado shrub species, but
tree species also commonly occur.
4.4.8 Thicket of Trembleya parviflora
Shrubs of Trembleya parviflora (Trembleyetum) occur as a monodominant
community commonly forming dense thickets with individuals to 2-3m tall and 40cm
basal girth in the drainage lines on the sloping flanks of some stream valleys, and
particularly in field catchment over gallery forest heads. In these places the plinthic
and sandy soils are water-saturated throughout the year. Vegetation data were not
collected in this vegetation type but one soil profile was studied.
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4.4.9 Gallery forests
Gallery forests develop along the streams in valley bottoms and show distinct
species associations according to terrain configuration. Thus, some gallery forest
patches are situated on well-drained soils, displaying some deciduous species. Such
sites generally occupy the higher parts of the slopes, extending above the wetter parts
of the forest near the streams margins. These drier sites are generally found on
Cambic soils, but also on Latosols.
There are other characteristic associations, some on sites with a mesic water
regime on Latosols, and others on moist or flooded areas on Hydromorphic soils.
The geomorphological variation of the terrain of the National Park causes
great changes in the gallery forests. Distinct patches with differing soil characteristics
and water regimes, replace each other in a gradual or abrupt succession along the
course of gallery forest.
In the National Park of Brasilia most of the gallery forests have a continuous
canopy formed by trees varying from 15 to 25 meters.tall. Natural or anthropogenic
gaps occur, some in process of recovering naturally through normal succession
processes, others dominated by weeds such as Pteridium aquilinum and the alien
grass Melinis minutiflora.
Understorey trees and shrubs are abundant, but in general it is possible to
walk relatively easily through the forest. Lianas are also common.
The humid or flooded gallery forest patches are easily recognised at a
distance by the presence of dense groups of characteristic species such as the tall,
slender, Annonaceous Xylopia emarginata. Many of the tree species of the humid
gallery have buttress roots, while others have breathing roots such as the bizarre
'knee' roots of the Magnoliaceous Talauma ovata.
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4.5 Anthropogenic alterations
Before the establishment of the National Park, settlers had made small farms
in some non-flooded gallery forest edges where better soils provided conditions for
subsistence crops and for planting orchards (Brasil, 1979).
Although these farms do not exist any more, their sites are nowadays
occupied by weeds and some relict cultivated trees. The latter are mainly mango,
orange and avocado, which cover in total a very small area and seem to cause no
problems for the plant population dynamics of the Park. However, these altered sites
have become a source of weeds, among which the African grass Melinis minutiflora,
introduced to Brazil in the past to improve cattle pasture, has become a serious
problem, competing with native species of cerrado grass layer, and dominating large
areas (personal observations).
The Public-use Zones of the Park, with their residential and administrative
buildings and facilities for the public have also become sources of weed invasion, as
have some old Eucalyptus plantations.
A large dam built in the past to provide water for the city of Brasilia caused
enormous changes in the vegetation on its periphery. This dam with an area of about
825 ha is entirely situated in the interior of the National Park (Fig. 6 - p.33). The
huge land movement using heavy machinery during the dam building devastated the
surrounding areas, which are now occupied mainly by Melinis minutiflora.
4.6 Study sites
In order to study the vegetation, eight sample sites were established in gallery
forests and 18 in cerrado areas (Fig. 6). The names used for these sample sites
follows either traditional names used by local people, or refer to the stream basins or




Two study sites were established on gallery forest heads (BARRIGUDA and
TRES BARRAS); three on middle slopes, characterised by the presence of deciduous
tree species (PISCINA 1 , CEMAVE and PALMAS); one in a transition cerrado-
cerradao-gallery forest (CRISTAL); one in a flooded site (BANANAL); and one in
the valley bottom about halfway along the length of the Capao Comprido stream
(CAPAO COMPRIDO).
4.6.1.1 BARRIGUDA
This gallery forest covers the fanlike catchment of the Barriguda stream. It is
situated in the south-west corner of the National Park, and is enclosed by the borders
of the plateau (Chapada da Contagem).
The site is underlain by Red-Yellow Latosols, which are deep and well-
drained, and covered by a thin litter layer.
The canopy is at about 20 to 25m and trees of Copaifera langsdorjfii can be
observed even at a distance, their flat crowns give a characteristic appearance to the
site. Callisthene major, Tapirira guianensis, Vochysia pyramidalis, Ficus sp. and
Terminalia fagifolia are also important canopy trees. Cheiloclinium cognatum and
Alibertia edulis are common understorey tree species.
4.6.1.2 TRES BARRAS
This site is also within the plateau area. It is situated in the north comer of the
National Park, in the headwaters of the Tres Barras stream, and like the previous site,
displays a characteristic fanlike form.
At the sampling point the Tres Barras valley has a V shape, with the right side
on well drained Red-Yellow Latosol, and the left on Hydromorphic soils.
90
The well drained slope supports groups of Callisthene major up to 15m tall,
at the edge of the forest, while Copaifera langsdorffii and Pseudolmedia laevigata
reaching about 20m are common species in the inner parts of the forest.
Cheiloclinium cognatum is common as an understorey tree.
On the wetter hydromorphic side, tufts of the toboca grass, Olyra taquara,
groups of the tree fem Cyathea sp., and the palm trees Euterpe edulis and Geonoma
schottiana create a distinct community along the valley bottom. Moving upwards
from this point to the forest edge, large trees form a canopy between 20 and 25m,
where Tapirira guianensis, Protium heptaphyllum and Hieronyma alchorneoides
dominate the community. Species of characteristic tall trees such as Richeria
obovata, and Tapirira guianensis are found on the abrupt forest edge bordering wet
grassland (campo limpo). They, together with understorey trees such as Hedyosmum
brasiliense, Ferdinandusa speciosa and shrubs of Miconia chamissois, form an
impressive wall of vegetation.
4.6.1.3 PISCINA 1
This sample site is on a well-drained area sloping down to the Acampamento
stream. It occurs on the upper parts of the slope, forming a distinctive vegetation due
to the presence of deciduous trees.
This tract of forest is on dystrophic Cambic soils, with a dark-brown colour
and thick A horizon. The soil is concretionary, with ironstones and quartzite gravel
lying over weathered slate.
The vegetation is typical of the semideciduous forest widespread on the
Central Plateau, where Anadenanthera colubrina var. cebil and Copaifera
langsdorffii are most important in the crown cover, at heights about 20 to 25m, and
Guettarda viburnoides, Cupania vernalis and Alibertia edulis are frequent
understorey trees.
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The forest forms an abrupt edge with cerrado vegetation in which Myrcia
tomentosa, Myrcia rostrata, Lithraea molleoides and Pseudobombax tomentosum are
common trees.
4.6.1.4 CEMAVE
This site is located near the residential area of the National Park of Brasilia,
on a drier patch sloping down to the Acampamento stream.
This part of the gallery forest is on mesotrophic Cambic soils, where
Anadenanthera colubrina var. cebil and Piptadenia gonoacantha are the main
semideciduous tree species; the former reaches 25m, as an emergent. Aspidosperma
subincanum, Bauhinia rufa, Maytenus alaternoides and Campomanesia velutina are
the most frequent understorey trees.
Forest gaps caused by past human activities in the area, are dominated by a
Bromelia balansae, forming dense clumps which prevent the sprouting of other
species. These gaps are scattered within this area, showing that important disturbance
happened in the past. Information from old employees of the National Park
confirmed this: the disturbance was caused by a plant nursery which operated in this
site before the establishment of the National Park.
4.6.1.5 CRISTAL
This sample site stands on the upper part of a slope, at the head of the Rego
stream. It lies in a transitional area of cerrado-cerradao-gallery forest.
Cerrado species were found within this forest, which suggests a recent
succession from cerrado to forest. The absence of large trees along the edges of the
forest can also be taken as further evidence of such a succession.
The area is on Dark-Red Latosols, which is a soil group often covered by
cerrado vegetation.
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Tree species such as Copaifera langsdorffii, Siphoneugena densiflora and
Astronium fraxinifolium, which are found in this area, are consistent with succession
from cerrado to cerradao and gallery forest.
The 20m tall Copaifera langsdorffii emerges from a canopy between 12 and
15m, formed mainly by trees such as Matayba guianensis, Siphoneugena densiflora,
and Diospyros hispida. The understorey trees are Alibertia edulis, Myrcia rostrata,
Bauhinia rufa, Cupania vernalis and Guettarda viburnoides.
4.6.1.6 CAPAO COMPRIDO
This site is situated in the gallery forest of the Capao Comprido stream, along
the watercourse in the valley bottom. It lies partly on well drained Red-Yellow to
Dark Red Latosols, and partly on Hydromorphic soils.
It is a typical Federal District gallery forest. In the drier parts large trees of
Copaifera langsdorffii and Hymenaea courbaril var. stilbocarpa, to 20 and 25m,
emerge from the canopy of the forest on the freely drained soils. Cheiloclinium
cognatum and Alibertia edulis are commonly found as understorey trees of the same
area.
In the wetter parts, tall trees of Calophyllum brasiliense, Protium
heptaphyllum, Hieronyma alchorneoides, Xylopia emarginata, Talauma ovata and
the palm Euterpe edulis are important. These trees may attain heights between 15 to
25m, forming an irregular crown cover.
4.6.1.7 BANANAL
This site is on a flooded part of the Bananal stream.
Peat-like Hydromorphic soils accumulate in these flooded areas, where
Xylopia emarginata occurs in dense groups, and Calophyllum brasiliense, Talauma
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ovata, and Protium heptaphyllum are also common. These trees reach heights
between 20 to 25m. Polypodium fraxinifolium is widespread in the ground layer.
A very dense thicket of slender shrubs and little trees forms the forest margin.
Gaylussacia brasiliensis, Euplassa inaequalis and Ferdinandusa speciosa, all
species associated with very damp conditions, are abundant in this marginal thicket.
Outside the thicket, along its edge with open wet grasslands, a thin strip of the
tall palm tree Mauritia flexuosa forms a narrow grove or "vereda".
4.6.1.8 PALMAS
This site is characterised by great numbers of individuals of the palm tree
Attalea phalerata forming an evergreen understorey. Anadenanthera colubrina var.
cebil, which is a strikingly deciduous tree, Emmotum nitens, and Hymenaea
courbaril var. stilbocarpa are found in the forest canopy, reaching heights up to 15 to
20m tall. Matayba guianensis, Aspidosperma subincanum and Terminalia fagifolia
are common tree species mainly in the understorey.
The forest is situated on a well-drained middle slope on the margins of the
Tortinho stream. Occasional sandstone outcrops protrude from the sandy Cambic soil
which underlies this site.
This forest type is the least common in the National Park of Brasilia area, and
is found in only two small patches along the Tortinho stream.
4.6.2 The cerrado community sites
4.6.2.1 Cerrado sensu stricto
These study areas are sited to provide a thorough sampling of cerrado sensu
stricto. the most widespread vegetation of the National Park of Brasilia.
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This vegetation, referred to simply 4s cerrado from now on, is represented in
this study by six sample sites in different regions of the Park.
The sample site BARRAGEM is on deep and well-drained Red-Yellow
Latosol. The other five sites are on Dark-Red Latosols.
Although these areas exhibit floristic and physiognomic similarities, they
show clear phytosociological differences.
Most of the large trees are about 7m tall, with the tallest attaining heights of
18m. The most common tree species overall are Oualea parviflora, Q. grandiflora,
Caryocar brasiliense, Styrax ferrugineus and Sclerolobium paniculatum. However,
shrubs to 3m tall are more abundant than trees. Kielmeyera coriacea, Erythroxylum
suberosum, Roupala montana, Ouratea hexasperma, Connarus suberosus, and the
palms Syagrus comosa, S. flexuosa, and Butia leiospatha are commonly found in the
shrub layer.
4.6.2.2 Cerrado scrub (campo cerrado)
Three sample sites were established in this community. All occurred on Red-
Yellow Latosols, the sand content of which varies from one to another.
The first sample site (CERRADO TRES BURACOS 1) is located at the top
of the Tres Buracos catena. Here, the soil is deep and well-drained with a variable
texture ranging in the profile from clay loam to clay. It is a typical cerrado scrub
community where shrub species of Erythroxylum suberosum, Connarus suberosum,
Eremanthus glomerulatus and Kielmeyera coriacea are common.
The second site in the catena (CERRADO TRES BURACOS 2) is also on
deep and well-drained soil. In this case, the texture in the profile varies from sandy
clay loam to sandy clay. The vegetation community is characterised by the
widespread shrubby monocotyledonous Vellozia flavicans which is associated with
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Erythroxylum suberosum, Kielmeyera coriacea, and Aspidosperma tomentosum. This
association (Vellozietum) constitutes a distinct plant community in the area.
The third site (RAPVELL), located far from the other two, is near the Park
watchtower. It is situated on shallower soil with an ironstone layer. The texture in the
profile varies from sandy loam to loam)' clay. This area which is on the border of the
plateau (Chapada da Contagem), is distinguished by dense clumps of the shrubby
species association of Rapanea guianensis with Vellozia flavicans, from which the
sample site name was derived.
4.6.2.3 Cerrado scrub with emergents
There are two sample sites in this type of vegetation. One at the Tres Buracos
catena (VOCHYSIA 1), and another (VOCHYSIA 2) at the border of the plateau
near the seismographic station.
These sites are easily recognised. They are characterised by sparse groves of
the tall tree Vochysia thyrsoidea emerging on the shrubby layer. The latter is formed
mainly by Vellozia flavicans, Rapanea guianensis, Oualea parviflora and Roupala
montana. Both sites are underlain by well-drained, sandy Red-Yellow Latosols, with
an ironstone concretionary layer.
4.6.2.4 Cerrado open scrub (campo sujo)
This type of cerrado vegetation was sampled in three places. Two sites were
established on the middle slopes of the Acampamento stream, and the third was
located on top of the plateau, beside the watchtower.
All these areas are on Red-Yellow Latosols, with variable texture. The site
CAMPO SUJO NOVO SETOR has a deep clay soil. CAMPO SUJO MATO
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GROSSO is on a deep soil, where the texture in the profile varies from clay loam to
clay. Both sites are similar floristically and physiognomically. They carry
populations of Connarus suberosus, Kielmeyera coriacea, Neea theeifera, and
Aspidosperma tomentosum which attain heights of about 1 m.
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TabU 9 - Floristic characteristics of Brasilia National Park sample sites
sample sites o. familie no. genera o. specie diversity evenness
GALLERY FOREST "
TRES BARRAS 50 80 98 4,17 0,91
PALMAS 43 72 85 4,05 0,91
BARRIGUDA 50 70 84 4,09 0,93
CAPAO COMPRIDO 41 61 76 3,53 0,82
BANANAL 38 46 57 3,56 0,88
CEMAVE 34 46 54 3,63 0,91
PISCINA 1 36 44 47 3,44 0,89
CRISTAL 27 35 40 3,22 0,87
CERRAOO "sansu stricto"
BARRAGEM 38 55 65 3,64 0,87
CERRADO CAPAO COMPRIDO 32 51 61 3,37 0,82
CERRADO TORTINHO *** 31 43 61 3,49 0,85
BARRAGEM * 36 43 52 3,45 0,87
CERRADO TORTINHO • 28 36 51 3,36 0,85
CERRADO CAPAO COMPRIDO * 29 40 49 3,33 0,85
CERRADO MATO GROSSO **• 26 35 43 3,H 1 0,83
CERRADO TORRE "* 28 37 42 3,08 0,82
CERRADO NOVO SETOR •** 28 34 42 3,34 0,89
BARRAGEM " 26 36 41 3,1 8 0,86
CERRADO MATO GROSSO * 26 31 39 2,99 0,82
CERRADO NOVO SETOR * 24 30 36 3,17 0,89
CERRADO TORTINHO •« 21 28 34 2,91 0,82
CERRADO CAPAO COMPRIDO *" 20 28 31 2,47 0,72
CERRADO TORRE * 22 26 30 3,1 3 0,92
CERRADO TORRE ** 21 26 27 2,52 0,76
CERRADO NOVO SETOR ** 1 9 21 26 2,76 0,86
CERRADO MATO GROSSO ** 1 8 20 24 2,59 0,81
CERRADO RUPESTRE
INVERNADA *** 25 29 38 2,94 0.81
CERRADO PALMAS *** 21 31 37 2,98 0,83
INVERNADA * 25 29 36 2,87 0,80
CERRADO PALMAS * 19 27 33 3,22 0,92
INVERNADA ** 1 6 1 7 21 2,46 0,80
CERRADO PALMAS 1 1 14 1 8 2,1 2 0,73
CERRADO SCRUB WITH EMERGENTS
VOCHYSIA 1 23 29 30 2,80 0,82
VOCHYSIA 2 20 22 26 2,71 0,83
CERRADO SCRUB
TRES BURACOS 1 25 33 36 3,03 0,85
TRES BURACOS 2 21 24 27 . 2,13 0,66
MURUNDU 18 1 9 23 2,45 0,78
RAPVELL 1 1 1 1 1 1 1,69 0,70
CERRADO OPEN SCRUB
ARNICAS (campo rupestre) 18 22 29 2,79 0,83
CAMPO SUJO MATO GROSSO 18 21 25 2,52 0,78
CAMPO SUJO NOVO SETOR 17 18 19 2,03 0,69
TORRE 1 8 9 1 1 1,87 0,78
*
only individual plants with less than 30cm cacum/wenco at (ho stum base ioqkIuiikJ
** only individual plants with mote than 30cm cicumlut unco at (tio slum base (lanjo plants) rogisimod
•*" individuals ot both cicumlnonco »i/o clossus logon**
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Table 10 - Gallery forest woody species of Brasilia National Park
Artacardiecaae
Aatroruum fraxinifolium Schott.
Li three a modeoides (Vail.) Englor
Tapirira guranenaia Aublet
Annonacaaa








Xylopia aoricoa A. St. - Hil.
Apocynaceae







Ilex integnfolia (Veil.) Reisseck
Ilex paeudotheezane Reiaaeck
Araiiacaae
Schefflera morototom (Aublet) D. Frodin
Blgnonieceee
Lundia rwtiduia DC.
Tabebuia aurea (Manao) Benth. & Hook
Tababuia impetiginoaa (Mart.) Standi.
Tababuia roaeo-aiba (Ridl.) Sandw.
Bignoruacaae ( 366-2 )
Bombececaee
Eriotheca candollaana (K. Schum.) A. Robyna
Eriotheca gracilipea (K. Schum.) A. Robyna
Paeudobombax longiflorum (Mart. & Zucc.) A. Robyna
Paeudobombax tomentoaum (Mart. & Zucc.) A. Robyna
Boraginacaaa
Cordia rufeacena A. DC.
Cordia aeilowiana Cham.




Protium heptaphyllum (Aublet) Marchand
Caesaipinaceae
ApuJeia loiocarpa (Vogel) Macbr.
Coparfera langadorffii Deaf.
Hymenaea courbaril L. var. stilbocarpa (Hayne) Loo & Langenhoim
Sclerolobium aureum (Tuf.) Benth.
Scleroiobium pamculatum Vog. var. aubvelutinum (Tul.) Benth.










Couepia grandiflora (Mart. & Zucc.) Benth.
Licania apetala (E. Meyer) Fntach




















Tapura amazonica Poepp. fit Engler
Ebaneceea
Diospyros hispida A. DC.
Erlcecaee
Gaylusaacia braailiensis (Spr.) Mart.
Ery throxyleceee




Alchornea glanduloaa Poepp. fit Endl.
Hieronyma alchorneoidea Fr. Allem
Maprounea guianensia Aublet
Margantana nobilia L. f.
Pera obovata Baillon
Richeria obovata (M. Arg.) Pax fit K. Hoffm.







Swartzia apetala A. DC.
Vatairea macrocarpa (Benth.) Ducke
Fabaceae ( 1018-1 )
rdaceae
Caseana sylveatris Swartz






Cheiloclimum cognatum (Miers.) A. C. Smith




Eininotum nitons (Benth.I Miera
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Endlicheria parucuiata (Sprongol) Macbr.






Ocotaa aciphylla (Neea) Maz
Ocotaa corymboaa (Moianor) Maz




Carimana aatrailanaia (Raddi) Kuntze
Lyihraceae
Diplusodon virgatus Gardn. ax Koehne
MagnoUacaaa
Talauma ovata A. St. - Hil.
Malplghiaceae
Baniatoriopaia arosandra (Adr. Juss.) Qatea
8aniatanopaia malifolia (Naea & Martius) B. Galas





Hetaroptaria acutifoiia Adr. Juss.


















Tibouchina candolleana (OC.) Cogn.
Trambleya parviflora (Don.) Cogn. auba. triflora Cogn
Meiiaceaa
Cabralaa canjorana (Vail.) Mart.
Guaroa kunthiana A. Juaa.
Guaraa macrophylla Vahl
Trichilia catigua A. Juaa.
Trichilia elegana A. Juaa.
Mimoaacaae
Anadenanthera colubrina (Vail.) Branan var. cebil (Griacb.) Altschul
Enterolobium gummiferum (Veil.) Benih.
Inga affirua OC.
Inga alba (S*v.) Wilid.
Inga cyiindrtca (Vail.) Mart.
Inga marginata Willd.
















Cybianthua glaber A. DC.
Cybianthua gardneri (A. OC.) Agoatini
Myraina coriacea R. Br.
Myraina guianenaia (Aubletl Kuntze
Myrsine umbellata Mart. »




Campomanasia valutina (Cambess.) Berg
Eugenia tlonda OC.



















Attalea phalerata (Mart.) Burret
Euterpe edulis Mart.
Geonoma schottiana Mart.
Syagrua flexuoaa (Mart.) Becc.





Moutabea excoriata Mart, ex Miq.
Polygonaceae
Coccoloba cf. ochreolata Wedd.
Coccoloba sp.
Polypodiacaaa
Polypodium fraxirufolium J acq.
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Table 10 - Gallery forest woody species of Brasilia National Park (cont.)
Protoocoo





Prunua chamiaaoana iCoehne ox Chom.
Prunuo aollowii Koehne
RublactM
AJibortio edulia (L. Rich.) A. Rich.
Alibortia macrophylla Schum.
Amtioui guianenaia Aubi.
CouHaraa hydrangeaefoiia Bonth. ex Muoil. Arg.
Coutarea hexandra (Jocq.) Schum.
Faramoa cyanea Muoil. Arg.
Fordinanduoa apocioaa PohJ
Guottarda viburniotdoa C. S.
Ixora warmingn Muoil. Arg.
MaJanoa macrophylla BartJ.
Poooquoria JatifoJia (Rudgo) R. & S.












Microphoiia vonuioaa (Mart. & Eich.) Pierro
Simaroubeceee
Simarouba voraicolor St. Hii.
SoJanecoee
Brunfelaia braailionaia (Sprong.) Smith & Downa
Coatrum cf. beerutzii




Heiictoroa cf. broviapira St. Hil.
Styrececeee




Symplocoa mtona (Pohl) Bonth.
Symplocoa rhamrufolia A. OC.
Symplocoa ap.
Thymoiocacoso











Calliatheno fasciculate (Spr.) Mart.














Indet 1 1 (266-1)
















Toble 11 - Carrado "sensu lato" woody species of Brasilia National Park
AiMcariiacoM









Didymopanax macrocarpum (C. & S.) Saam.
BigiMXMcaaa
Arrabidaea flonda OC.
Jacaranda caroba (Vail.) OC.




Eriothaca pubascens (Mart. & Zucc.) Schott. & Endl.
Pteudobombax longiflorum (Mart. & Zucc.) A. Robyns
Pseudobombax tomantosum (Mart. & Zucc.) A. Robyns
Caasaiptnacaaa





Hymanaaa stigonocarpa (Mart, axj Hayna var. pubascans Banth.
Sclaroiobium auraum (Tul.) Benth.




Austroplenkia populnaa (Raiss.) Lund
Corobrataoaaa
Terminalia argantaa Mart. & Zucc.
Composite*
Eramanthus giomarulatus Lass.
Eramanthus goyazensis Sch. Bip.
Lychnophora aricoidas Mart.
Piptocarpha rotundifolia (Lass.) Bakar
Piptocarpha macropoda Bakar
Cormaraooa*
Connarus subarosus Planch, var. fulvus (Planch.) Forero
Dttferuacaa*




Erythroxylum campastra St. Hil.
Erythroxylum daphnitas Mart.
Erythroxylum daciduum St. Hil.
Erythroxylum subarosum St. Hil.
Erythroxilum tortuosum Mart.
Fabacae*










Kialmayara coriacaa (Spr.) Mart.
Kialmayara variabilis Mart.
Hippooratoacaaa
Salacia crassifolia (Mart.) Payr.
Labiateae
Hyptis saxatilis St. Hil. ex Banth.
Loganiacaae
Strychnos pseudoquina St. Hil.
Lythracaae
Lafoensia dansiflora Pohl
Lafoensia paean St. Hil.
Maipigiusceae
Banistenopsis argyrophylla (Adr. Juss.) B. Gates
Banisteriopsis gardneriana
Banistariopsis latifoiia (Adr. Juss.) Cuatra*c.
Banisteriopsis schizoptera (Adr. Juss.) B. Gates
Banistariopsis stellaris (Grisab.) B. Gates
Banistariopsis variabilis B. Gates
Banistariopsis sp4
Byrsonima coccoiobifolia (Spr.) Kunth
Byrsonima crassa Nied
Byrsonima guilleminiana Adr. Juss.
Byrsonima laxiilora Grisab.
Byrsonima subterranaa Brada & Markgraf
Byrsonima verbascifoiia L. Rich, ax Adr. Juss.
Byrsonima sp.
Hataroptaris byrsonimifolia Adr. Juss.
Hataroptaris cf proconacea Niedenzu
Mdastomatacaae
Miconia albicans (Sw.) Triana
Miconia fallax OC.
Miconia ferrugmata (OC.) Cogn.
Miconia ligustroidas Naud.
Miconia pohliana Cogn.
Miconia rubiginosa (Bonpl.) OC.
Miconia spl 0




Entarolobium gummiferum (Veil.) Benth.
Mimosa claussanii Banth.
Plathymenia reticulata Benth.


















Tabid 11 - Cerrado "sensu lato" woody species of Brasilia National Park (cont.)
Ochnao—
Ourataa haxasoarma {St. Hil.) Baill.
Ourataa parviflora Baiil.
Palmaa
Butia laiospatha (Mart.) Bacc.
Syagrus comoaa (Mart.) Mart.
Syagrus flaxuoaa Mart. Bacc.
Syagrus olaracaa Bacc.
Pulygaiaoaaa






Tocoyana formosa (C. & S.) K. Sch.
Sapotacaaa
Pouteria ramrflora (Mart.) Radlk.
Poutana torta (Mart.) Radlk.
StyrscsGeM
Styrax farruginaus Neas & Mart.
VeOoziaoaae
Vollozia flavicans Mart.
Vallozia swell on ii L. B. Smith
Qualaa grandiflora Mart.
Qualaa multi flora Mart.
Qualaa parviflora Mart.





TORRE 1 differs somewhat. It is situated on a shallow soil with ironstone
concretions, and the soil profde varies in texture from sandy clay to silt clay. Here
the common species are Erythroxylum tortuosum, Neea theeifera and Salacia
crassifolia. The shrubs are sparser and smaller than in the other two campo sujo sites.
4.6.2.5 Cerrado rupestre
Two areas of cerrado rupestre were selected for sampling. One is on the
interfluves of the Invernada stream (INVERNADA). The other is located near the
PALMAS gallery forest site (CERRADO PALMAS) on a middle slope which runs
between the plateau and the Tortinho stream.
In these areas, Sclerolobium paniculatum and Terminalia argentea are
common larger trees, reaching a height of 10 m. They emerge from a community of
smaller trees, dominated by Qualea parviflora and Miconia ferruginata, reaching 5m
and having a layer of shrubby vegetation below. The latter is formed mainly by
Kielmeyera coriacea, Eremanthus glomerulars, E. goyazensis, Palicourea rigida
and Byrsonima coccolobifolia.
4.6.2.6 Campo rupestre
This community has limited distribution in the National Park of Brasilia. It is
restricted to areas of shallow and rocky soils, at the interfluve of the Tortinho and
Tres Barras streams.
The soils are mainly derived from quartzite and sandstone. Being sandy and
shallow, they are almost entirely devoid ofmoisture during the dry season.
In this site, the campo rupestre contains an association of Vellozia swallenii,
Vellozia sp. and Lychnophora ericoides, which are considered characteristic species.
Miconia ferruginata and Palicourea rigida are other common species.
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4.6.2.7 Campos de murundus
These occur extensively in the National Park on the catchment campos
outside the gallery forests . They are also found on some slopes with shallow soils
which flood seasonally.
Two different sites of campo de murundus were studied in seasonally flooded
areas. One is located in the catchment of the Acampamento stream and the other lies
in the Capao Comprido catchment.
The murundus (earth-mounds) have clay Red-Yellow Latosols above and
Hydromorphic, generally gleyed soils, below in the part where the water- table
fluctuates.
The most commonly found species on the murundus in these sites, are
Psidium warmingianun, Eremanthus glomerulatus, Kielmeyera coriacea, Miconia
rubiginosa and Acosmium dasycarpum.
4.7 Results
4.7.1 Floristics and diversity
In total 5304 plants were recorded from 1290 sampling points using the Point
Center Quarter method and from 10 sampling areas that were surveyed by quadrat.
The study covered a total of 26 different vegetation sample sites, eight ofwhich were
in gallery forests, and 18 in the cerrado communities.
The number of species, genera and families, and diversity indices of the
sample are given in Table 9. In all, 76 families, 194 genera, and 380 species were
registered. Of these, 300 were identified to the species, 46 to the genus, seven to the
family and the remaining 27 (all of which were represented by vegetative material
only) were undetermined.
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The gallery forests contained 284 species belonging to 71 families, and 140
genera, with 26 species undetermined. The cerrado plant communities had 121
species belonging to 39 families, and 68 genera, with one remaining undetermined.
Since some species occur in both habitats, the total number of species recorded is less
than the sum of the gallery forest and cerrado totals. The list of the gallery forest
species registered in the National Park are shown in Table 10, and the list of cerrado
species are given in Table 11.
4.7.1.1 Gallery forests
According to the number of species, the most important families were:
Leguminosae (17 species), Melastomataceae (16), Lauraceae (14), Rubiaceae (14),
Myrtaceae (11), Annonaceae (9), Malpighiaceae (8), Euphorbiaceae (7), Moraceae
(6), Myrsinaceae (6), Symplocaceae (5), Vochysiaceae (5), Apocynaceae (4),
Bombacaceae (4), Sapindaceae (4), Anacardiaceae (3), Aquifoliaceae (3),
Boraginaceae (3), Chrysobalanaceae (3), Combretaceae (3), Meliaceae (3),
Solanaceae (3), and Verbenaceae (3).
These 23 families comprise 54% of the total number of species found within
the eight gallery forest sample sites. 27 families were represented by only a single
species.
Among the 194 genera, Miconia (14 species), Myrcia (7), Banisteriopsis
(6), Ocotea (5), Symplocos (5), Aspidosperma (4), Inga (4), Myrsine (4),
Nectandra (4), and Xylopia (4) were the most important.
The gallery forest sample site with highest species-richness was TRES
BARRAS with 98 species (n = 60 points, totals 240 individuals registered), while
CRISTAL was the poorest with 40 species (n = 40, totals 160 individuals registered).
Leguminosae were the richest family in five sample sites, but not in the
water-logged BANANAL site. Lauraceae were species-rich only in the
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BARRIGUDA and TRES BARRAS sites. Melastomataceae were represented in
higher species number in BARRIGUDA, TRES BARRAS and PALMAS sample
sites.
Myrcia, Banisteriopsis, and Miconia were represented by many species, while
100 genera were represented by a single species each.
The sample site TRES BARRAS had the highest Shannon's diversity index
with H' = 4.17 and the sample site CRISTAL had the lowest diversity with H' = 3.22.
The gallery forest sites TRES BARRAS, BARRIGUDA and PALMAS were the
richest in species and also had the highest diversity.
4.7.1.2 Cerrado communities
According to the number of species the most important woody cerrado
families were: Leguminosae (21), Malpighiaceae (16), Melastomataceae (9),
Compositae (6), Myrtaceae (6), Vochysiaceae (6), Bignoniaceae (5),
Erythroxylaceae (5), Annonaceae (4), Apocynaceae (3), Bombacaceae (3),
Nyctaginaceae (3), Palmae (3), and Rubiaceae (3). 77% percent of the woody
cerrado species of the National Park belong to these families, while 16 families were
represented by a single species .
The genera Miconia (9), Banisteriopsis (6), Erythroxylum (5), Annona (4),
and Qualea (4), were the richest in species.
The Shannon's diversity indices of the cerrado communities varied from 1.69
in a cerrado scrub area to 3.64 in a cerrado sensu stricto site.
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Table 12 • Phytoaoclologlcal parameters ■ sample »i>« PISCINA 1
no. of points - 40 density - 6221.43ind./he ever, pomt-plent diet. =■ 1.38
no. of ind. - 180 basal area -» 63.691m2/ha cue > -» 6cm















Ansdenanthera colubrina var. cebil 1 1 369,00 22,60 30,42 6,88 47,84 7,26 81,98
Matayba guianenaia 1 7 664,80 36,00 2.02 10,83 3.18 1 1,29 26,10
Bauhima rufa 13 424.20 22.50 4.42 8,13 8,96 7,26 22.33
Myrcia tomentosa 14 466.90 22.60 3.38 8,76 6.32 7.28 21.33
Chryeophyllum marginatum 6 163,20 1 2,60 3.96 3,13 6.21 4.03 13,36
Lithraea molleoides 8 196,80 16.00 2.18 3,76 3,43 4,84 12,01
Aapidosperma aubincanum 6 196,80 12.50 1.61 3,76 2,37 4,03 10.18
Copaifera langadorffii 2 86,30 6,00 3,30 1.26 5,19 1.61 8,06
Emmotum mtena 6 183,20 7,60 1.42 3.13 2,23 2.42 7.78
Tapirira guianensis 6 196,80 10,00 0.40 3.76 0,83 3.23 7,80
Myrcia rostrate 6 163,20 10,00 0.76 3.13 1.18 3,23 7,63
Alibertia eduiia 6 183,20 12,60 0,09 3.13 0,14 4,03 7,30
Guottarda viburmoides 4 130,60 7,50 0,92 2.50 1,44 2.42 8,36
Cardiopetafum caiophyllum 4 1 30,60 7,60 0,74 2.60 1.17 2,42 8,08
Guapira sp. 3 97,90 5,00 1.81 1,88 2.64 1.81 8,02
Cup am a verneiis 4 130.60 7,60 0,06 2.60 0,09 2.42 6.01
Cecropia pachystachya 3 97,90 5,00 0,76 1,88 1.19 1.81 4,68
Xyioama benthamii 3 97,90 7,60 0,08 1,88 0,13 2.42 4.42
Banisteriopaia amaendra 4 130,60 6,00 0,14 2.60 0.22 1.61 _ 4.33
Indet 19 (31-11 4 130,60 6,00 0,08 2,60 0,13 1.61 4,24
Celtis iguanaea 2 86,30 5,00 0,81 1.26 0,98 1.61 3.82
Myrsine umbellate 2 86,30 5,00 0,36 1.23 0,64 1.81 3.41
Maytenus alaternoidea 3 97,90 2,60 0,27 1,88 0,42 0,81 3,10
Eriotheca candolleana 1 32.60 2,50 0,97 0,83 1.62 0,81 2.96
Lafoensia pacari 1 32.80 2,50 0,84 0.83 1.33 0,81 2.76
Scierolobium pemculatum var. subvelutinum 1 32,80 2.60 0,68 0,63 1,06 0,81 2.49
Micoma chamiaaois 2 66,30 2.60 0.11 1.26 0,18 0,81 2.23
Banisteriopaia pubipetala 2 86.30 2.60 0.1 1 1.26 0.17 0,81 2,23
Talauma ovata 2 86,30 2,60 0,06 1.26 0,10 0,81 2.18
Inga alba 2 66,30 2,60 0,03 1.26 0.06 0,81 2.1 1
Piper sp. 2 86,30 2.60 0,03 1.26 0,04 0,81 2.10
Campomarvesia volutins 1 32,60 2.60 0,20 0,63 0,32 0.81 1.76
Machaerium aculeatum 1 32.80 2.60 0,19 0,63 0,30 0,81 1.73
Tapura amazonica 1 32,60 2.60 0,18 0,63 0,28 0.81 1.71
Styrax guianenais 1 32,80 2.60 0.16 0.83 0,28 0,81 1,89
Pseudobombax tomentoaum 1 32.80 2.50 0.16 0,83 0.24 0,81 1,87
Ficue aximia 1 32,80 2.60 0.08 0,83 0,13 0,81 1.5 6
Terminalia phaeocarpa 1 32,80 2.60 0,07 0,63 0.1 1 0,81 1,64
Ficus sp. 1 32,80 2,60 0.07 0.63 0,10 0.81 1,63
Vitex poiygama 1 32.80 2.50 0,04 0,83 0.07 0.80 1,60
Cordis trichotoma 1 32.80 2.50 0,04 0,83 0.07 0,80 1,60
Pera obovata 1 32,80 2,60 0.04 0,83 0,07 0,80 1,60
Tabebuia roaeo-alba 1 32,80 2,60 0.03 0,83 0,04 0,80 1.46
Daayphyllum brasilienae 1 32.60 2.60 0.02 0.83 0,03 0,80 1.48
Indet 4 (23-4) 1 32,80 2,60 0,01 0,63 0,01 0.80 1,46
Guazume uimifoiia 1 32.80 2,60 0,01 0,63 0,01 0,80 1,46
Zanthoxylum rhoifolium 1 32.80 2,60 0,01 0.63 0,01 0,80 1,46
Nota: 36 famiiiaa, 44 genera and 4 7 apaoiaa praaant. Sevan lanuima aooount loi 40% of the apaoiaa: Loyummoioa (6), Myitaoaaa (3),
Anaoaidiaoaaa (2J, Ma^righiaoaaa (2), Moiaoaaa (21, Rulnaoeae (2). and Sapindaoaaa (21. Ihioe yonaia, tfanuMrwpju, /Vena and Myrc/s.have
two apaoiaa all othaia aia fepreeenied by a aingia apactaa.
Table 13 - Phytosocloloqlcaf parameters • aatnpfe ait a GEM AVE
no. of points - 40 density =» 6907. 19 aver, point-plant dist. - 1..301m
no. of ind. - 1 60 basal area - 36.747m2/he circ > = 6cm
Shannon - Wiener H' - 3.83. evenneaa - 0.91
aba. abs. abs. rel. rel. rel.
1 V 1species n
dens. freq. dom dens. dom. freq.
Aspidosperma subincanum 8 221.60 16,00 7.89 3,76 22.08 4,41 30,24
Maytenus aiaternoides 14 6 16.90 22.50 2.73 8.76 7,83 8.62 22.99
Bauhirua rufa 7 268,40 1 7.60 4.46 4.38 12.49 6,16 22,01
Anedenanthera coiubrina var. cebil 5 184.60 10,00 3.94 3.1 3 1 1,02 2,94 1 7,09
Campomanesia volutins 8 296.40 17.60 1,17 6,00 3,28 5.16 13,43
Matayba guianensis 10 369.20 20.00 0.38 8,26 1.01 5.88 13,14



















Casearia sylvestria 7 268.40 10.00 0.61 4.38 1.42 2,94 8.74
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Table 13 - Phy toaoclolo glcnl paranrUfi - »nmpl« »iu OEMAVE • (cont )
aba. aba. aba. rel. rel. rel.
1 V 1species n
dona. freq. dom dens. dom. freq.
Ca/imana estrellensis 4 147,70 10,00 1.14 2.60 3.18 2.94 8,82
Oiospyroe hispida 5 184,60 10,00 0,82 3.13 2,30 2,94 8,37
Tapirira guienensis 6 184,60 12,50 0,07 3.13 0.21 3,68 7.01
Alibertis edulia 4 147,70 7,50 0,66 2.60 1,80 2.21 8,61
Margs/itsris nobiiis 2 73,80 6,00 1.26 1.26 3,49 1.47 6,21
Zsnthoxyium rhoifolium 3 1 10.80 7,50 0,57 1,88 1.81 2.21 6,69
Emmotum rutens 3 1 10,80 2,50 0,84 1.88 2,36 0.74 4,97
Indet 22 (392-4) 1 36,90 2,50 1.24 0.83 3.47 0,74 4,83
Myrsine umbellate 3 1 10,80 6,00 0.34 1.88 0,96 1.47 4.31
Xylosma benthamil 3 1 10.80 7,50 0,06 1.88 0,13 2.21 4.21
Myrcia roetrata 3 1 10,80 7,50 0.03 1,88 0,09 2,21 4,17
Myrcie ap. 2 73,80 5,00 0.47 1.26 1.31 1.47 4,03
Guettarda viburruoides 2 73,80 6,00 0,46 1.26 1.26 1.47 3,97
Copaifera langsdorffii 2 73,80 5,00 0,39 1.26 1,09 1.47 3,81
Erythroxylum sp. 1 36,90 2,50 0,87 0.63 2.44 0,74 3,80
Pers obovata 3 1 10,80 5,00 0,09 1,88 0,26 1.47 3,69
Indet 21 (32-2) 2 73,80 5,00 0,27 1.26 0.77 1.47 3,49
Coutarea hexandra 2 73.80 5,00 0,12 1.26 0,32 1.47 3.04
Rhamntdium eleeocarpum 2 73.80 6,00 0.1 1 1.26 0,32 1.47 3,04
Chrysophyllum marginatum 2 73,80 6,00 0,06 1.26 0,18 1.47 2,88
Indigofera suffruticoaa 2 73,80 6,00 0,04 1.26 0,10 1.47 2,82
Indet 19 (31-1) 2 73,80 5,00 0,02 1.26 0.06 1.47 2.77
Psidium warmingianum 1 36,90 2,60 0,47 0,63 1.31 0,74 • 2.87
Platypodium eiegana 1 36,90 2.60 0,34 0,63 0,96 0,74 2,31
Tabebuia roaeo-alba 1 36,90 2.60 0,26 0,63 0,74 0,74 2,10
Myrcie tomentosa 1 36,90 2,60 0,24 0,63 0,67 0,74 2,03
Terminalia gfabrescene 1 36,90 2.60 0,23 0,83 0,64 0,74 2,00
Lithreea molleoidea 1 36,90 2.50 0,20 0,83 0.6 6 0,74 1,92
Vitex polygama 1 36,90 2.50 0,14 0,83 0,40 0.74 1.78
Cordis trichotoma 1 36,90 2.60 0.12 0,63 0,33 0,74 1,69
Roupala montana 1 36,90 2.60 0.12 0,63 0.33 0,74 1,69
Serjama cf. caracaaana 1 36,90 2.60 . 0.1 1 0.63 0,30 0,74 1.86
Lafoenaia densiflora 1 36,90 2.60 0,10 0,63 0,27 0,74 1,83
Linociera arborea 1 36,90 2,50 0,08 0,63 0,24 0,74 1,80
Psidium sartonanum 1 36,90 2.60 0,06 0,83 0,17 0,74 1,63
Inga cylindrica 1 36,90 2.60 0,06 0,83 0.16 0,74 1.61
Nectandra ap. 1 36,90 2.60 0,04 0,83 0.1 1 0,74 1.47
Indet 4 (23-4) 1 36,90 2.50 0.02 0,83 0,07 0,74 1.43
Calophyllum braailienae 1 36,90 2.60 0,02 0,83 0,06 0,74 1,41
Terminalia phaeocarpe 1 36,90 2.60 0,02 0,63 0,06 0,74 1.41
Daayphyllum braailiense 1 36,90 2,60 0.02 0,63 0,06 0.74 1.41
Arrabideea florida 1 36,90 2.50 0.01 0,83 0,03 0,74 1,40
Erythroxylum engierii 1 36,90 2,60 0.01 0.66 0.03 0,74 1,39
Sclerolobium paniculatum var. subvelutinum 1 36,90 2,60 0.01 0.83 0.03 0,74 1,39
Not*: 34 lam4m*, 46 genera and 54 apaoM* piaaant. Foui families aooount for 43% of tha ipvowa: lagummo*** (1 1), Mytiacaae (6), Rubiaoeae
(3) and Sapindaoaaa (3). Four ganara, Myrcim (3), EryihroKvium (2), Pa/dium (2) and Ja/rrunaMa (2) had mora Chan ona apoctaa.
Table 14 • Phytoaoclofoqlcal parameters - sample aita CRISTAL
no. of points - 40 density - 17784.66ind./hs aver, point-plant dist. « 0.760m
no. of ind. - 160 basal area = 69.339m2/ha circ > » 5cm















Matayba guiarvenaia 27 3001,10 56,00 12,16 16,88 17,62 16,71 60,1 1
Copaifera iangsdorffii 16 1887,30 32,60 16,68 9,38 22.82 9,29 41,28
Siphoneugena denaiflora 4 444.80 7,60 8,99 2,60 12.97 2.14 17.82
Cupama vernalis 9 1000,40 20,00 2.47 6,63 3.67 5.71 14,91
Cheiloclirwum cognatum 9 1000,40 22,60 1.91 6,63 2,78 6,43 14,81
Myrcia rostrata 6 686,90 16,00 2.88 3,76 4.12 4.29 12.16
Alibertia eduiis 6 666,80 12,60 2,97 3.13 4.28 3,67 10,98
Terminalia giabreacons 2 222,30 5,00 6,81 1.26 8,09 1,43 10.77
Piptademe gonoacantha 6 566,80 12,60 2.16 3,13 3.12 3,67 9,81
Maytonus alaternoidea 8 866,90 16.00 1,09 3.76 1.66 4.29 9,60
Erythroxylum engierii 7 778,10 12,60 0,79 4,38 1.13 3.67 9,08
Oioapyroa hispida 4 444,80 7,60 2,46 2,60 3,64 2.14 8,18
Aapidosperma subincanum 8 666,90 12,60 0,63 3,76 0.76 3,67 8,08
Tapura amMonica 6 886,90 12,60 0,62 3,76 0,74 3.67 8,06
Guettarda viburruoides 6 666,80 12,60 0,73 3,13 1.06 3.67 7.78
Trichilia eiegana 8 886,90 10,00 0,68 3.76 0,81 2.86 7.42
Bauhirua rufa 6 666,80 6,00 0.27 3,13 0,38 1.43 4,94
Aspidoaperma ipruceanum 3 333.60 7.50 0,61 1.88 0.74 2.14 4,78
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Table 14 - Phytoaocloloqlcal param<Un • aampla aita CRISTAL • (com.)
aba. aba. aba. rol. ral. ral.
I V Ispeciee n
freq.dena. freq. dom. dena. dom.
Ixora warmingii 3 333,50 7.50 0,19 1,88 0,27 2.14 4,29
Hymcnaea courbanl var. atilbocarpa 3 333,50 7.50 0.16 1.88 0.22 2.14 4,24
Symplocoe moeenii 1 1 1 1,20 2.50 1.62 0.63 2.20 0.71 3,54
Cerdiopetaium caiophyllum 2 222,30 5,00 0.64 1.26 0,77 1.43 3.46
Aatroruum fraxirufolium 1 1 11.20 2.50 1.38 0.83 1.99 0.71 3,33
Bamateriopaia ap 1 2 222,30 5,00 0.18 1.26 0.28 1.43 2,94
Aepidoeperma diacoior 2 222.30 6.00 0.07 1.26 0.09 1.43 2.77
Sof|arua cf. caracaaana 1 1 11.20 2.60 0.80 0.83 0.86 0.71 2.20
Indat 22 (392-4) 1 1 11.20 2,50 0.63 0.83 0.77 0.71 2.1 1
Virola aebifora 2 222,30 2.50 0.08 1.26 0.12 0.71 2.08
Syagrua flexuosa 1 1 1 1,20 2.60 0.61 0.83 0.73 0.71 2.07
Aapidoaperma ap. 1 1 11.20 2.50 0.29 0.83 0,4 1 0.71 1.76
Ficus eximia 1 1 1 1,20 2.60 0,28 0.83 0,37 0.71 1,71
Tapirira guianertaia 1 1 1 1,20 2.60 0.28 0.83 0.37 0.71 1,71
Saniateriopaia aruaandra 1 11 1,20 2.60 0, 1 7 0.63 0,26 0.71 1,69
Faramaa cyanoa 1 1 11.20 2.60 0.14 0.83 0.20 0.71 1,64
Ca/iruana oatrellonaia 1 1 1 1,20 2.50 0.09 0.83 0,13 0.71 1.47
Ouratoa parvtflora 1 1 1 1.20 2.60 0.08 0.83 0.08 0.71 1.42
Indot 23 (134-3) 1 1 1 1.20 2.60 0.02 0,83 0.03 0.71 1.37
Serjarua ap. 1 1 1 1.20 2.60 0.02 0.63 0.03 0.71 1.37
lacietoma haaaiarianum 1 11 1.20 2.60 0.02 0.63 0,03 0.71 1.37
Lundia nitiduia 1 1 1 1.20 2.60 0.02 0.83 0.03 0.71 1.37
Note: 27 famiiMa, 35 ganara and 40 apaoiaa ptaaani. Foui lamilto* acoount lor 40% of tha •pacta*: Apooynaoaaa (4), lagominoaaa (4^
Rubiaoaaa (4) and Sapuidaoaaa (4). Asptdospormso (4). tisntstartopsis (21 and S«r/*n/a (2) hava moia (han ona ipaowi.
Table 16 • PhytoaodoloQical paramaltfi - aampft aft* CAPAO COMPHiDO
no. of point* - 80 denaity =*= 7271.81 ind./ha avor. point-plant dist. = 1.17 3m
no. of ind. — 240 baaal
Shannon - Wiener H* - 3.53, avennaaa - 0.82















Euterpe eduiia 66 1894.7 46.78 18.36 23.31 10.97 14,29 48.6 6
Xylopta emarginata 1 1 338.9 16,26 34.68 4.88 20,68 4.78 30.08
Cheiloclinium cognetum 22 677,9 20.34 13,08 9.32 7.81 8,36 23.48
Tabebura impettginoaa 3 92,4 6.08 28.83 1.27 17,24 1,69 20.09
Aiibertie oduiia 12 389.7 18,84 1.89 6,08 1.13 6,82 12,03
Terminate fagifolia 1 30,8 1,89 14.12 0.42 8.44 0.63 9.39
Tapirira guianonaia 8 184.9 10.17 6,04 2.64 3.01 3.17 8,73
Matayba guianenaia 8 246.5 1 1.B6 0,66 3.39 0.33 3,70 7.43
Siphoneugena denaiflora 3 92.4 3.39 7.10 1.27 4,24 1,08 6.67
Copaifera langadorffu 1 30.8 1.69 8.87 0,42 6.18 0.63 6.13
Caiophyllum breailienae 4 123,2 8,78 3.88 1,69 2.32 2.12 8, 13
Maytenue alaternoidea 6 164.1 8.47 0,68 2.12 0.41 2,66 5.17
Trichiiia elegana 6 164,1 8.47 0.16 2.12 0.09 2,66 4.86
Inga alba 1 30,8 1,69 6,82 0.42 3.48 0.63 4,43
Syagrua oleracea 4 123.2 6,78 0,74 1,69 0,44 2,12 4.28
Hymenaea courbaril var. atilbocarpa 2 61,6 3,39 3.84 0,86 2.30 1.08 4,20
Telauma ovata 2 81.8 3.39 3,69 0,86 2.16 1,08 4.06
Linociera arborea 4 123.2 6.08 0.49 1.69 0.29 1,69 3.67
Lamanoma ternata 3 92.4 6,08 1,14 1.27 0.68 1,69 3,64
Caiyptranthea lucida 3 92.4 5.08 0.82 1.27 0.49 1,69 3,36
Protium heptaphyilum 2 81.8 3.39 2.27 0.86 1.36 1.06 3,26
Trichiiia catigua 3 92.4 6.08 0,60 1.27 0.30 1.69 3,16
Myrcia roatrata 3 92.4 5.08 0.24 1.27 0,14 1,69 3,00
Symplocoa ap. 2 81.8 3.39 1,83 0,86 1,09 1,08 3.00
Sympiocoa rutona 2 81,8 3.39 1.79 0,86 1.07 1.06 2.98
Indot 16 (137-2) 2 81,8 3.39 0,81 0,86 0.49 1,08 2.39
Indot 18 (137-3) 3 92.4 3.39 0,04 1.27 0.02 1.08 2.36
Bamateriopaia pubipetala 2 81.8 3,39 0.46 0.86 0.27 1.08 2.17
Cupama vernalia 2 61.8 3.39 0.36 0.86 0,22 1,06 2,12
Roupala montane 2 81.8 3,39 0.30 0.86 0.18 1,08 2.09
Micoma chamiaaoia 2 81.6 3,39 0.10 0.86 0,06 1.06 1.97
Caiyptranthea ap. 2 81,8 3.39 0,07 0,86 0.04 1,06 1,94
Sorocea ilicifolia 2 61.6 3,39 0.06 0.86 0,04 1,06 1.94
Guarea kunthiana 2 81,8 3.39 0.08 0,86 0,03 1.06 1.94
Ilex paoudothee2ana 2 81,8 3.39 0,06 0,86 0,03 1,06 1 ,94
Cybianthua glaber 2 81,8 3.39 0,06 0,86 0.03 1,06 1.93
Alchornea glanduioaa 2 81,6 3.39 0.04 0.86 0.02 1,06 1,93
Indot 2 (168-3) 2 8 1.8 3.39 0,03 0,86 0,02 1.06 1.92
Guarea macrophyfa 2 61.8 3.39 0.02 0.86 0.01 1.08 1,92
Malanea macrophylla 2 81,8 3.39 0.02 0.86 0,01 1,08 1.92
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Table 16 • PhytoaocloloQlcal parameters - sample site CAPAo COMPKIDO ■ (cone.)
aba. aba. aba. rel. rol. rel.
species n
dena. froq. dom. dena. dom. freq.
1 V 1
Picus eximia 2 61.6 1.69 0.46 0.86 0.27 0.63 1.64
Indet 22 (392-4) 1 30.8 1,69 0.88 0.42 0.63 0.63 1.48
ilex integrifolius 2 81.6 1.69 0,14 0.86 0.08 0.63 1.46
Cyathea ap. 1 30.8 1.89 0,76 0,42 0.46 0.63 1,40
Hieronyma alchorneoides 1 30.8 1.69 0,61 0.42 0.30 0.53 1,28
Ficua ap. 1 30.8 1.69 0,46 0.42 0.27 0.63 1,22
Lithraea molleoides 1 30.8 1,69 0.44 0.42 0.26 0,63 1,22
Myrcia comentoaa 1 30.8 1.69 0,36 0.42 0,21 0.53 1.16
Licaria cf. armoruaca 1 30.8 1.69 0,20 0.42 0,12 0.63 1.07
Hodyoamum braailienae 1 30.8 1.69 0,16 0.42 0.09 0,63 1.04
Poaoqueria latifolia 1 30.8 1.69 0.07 0.42 0,04 0.63 1,00
Myrsine umbellata 1 30.8 1.69 0.07 0.42 0,04 0.63 0.99
Seriarua ap. 1 30,8 1.69 0.06 0.42 0.04 0,53 0.99
Tarminalia phaeocarpa 1 30,8 1.69 0.06 0.42 0.03 0.63 0.98
Plathymorwa reticulata 1 30.8 1,69 0,04 0.42 0.02 0.63 0.98
Cryptocarya eecheraomana 1 30.8 1.69 0,03 0.42 0.02 0.63 0,97
Symplocoa moeerui 1 30.8 1.69 0.02 0.42 0.01 0.63 0.96
Maytenue salicjfola 1 30.8 1.69 0.02 0.42 0.01 0.63 0,96
BlopharocaJyx aelicifolius 1 30,8 1.69 0.01 0.42 0.01 0.63 0,96
Aapidoaperma aubincanum 1 30.8 1.89 0.01 0,42 0.01 0.63 0.96
T apur a amazomca 1 30.8 1.69 0,01 0.42 0.01 0,53 0,96
Barueteriopsis ap. 1 30.8 1.89 0.01 0.42 0.01 0.63 0.96
Schefflera morototoru 1 30.8 1.69 0.01 0.42 0.01 0.63 0.96
Platypodium a I eg ana 1 30,8 1.80 0.01 0.42 0.01 0.63 0,96
Bauhinia rufa 1 30,8 1.60 0,01 0.42 0,01 0.63 0,96
Sorocaa ap. 1 30.8 1,60 0,01 0.42 0,01 0,63 0.96
Paeudoimodia laevigata 1 30.8 1.89 0,01 0.42 0.01 0,63 0.96
Ouratea caetaneifolia 1 30,8 1.69 0,01 0.42 0,01 0.63 0.96
Serjania cf. caracaaana 1 30.8 1.89 0,01 0.42 0.01 0,53 0,96
Indet 6 (408-4) 1 30.8 1,89 0,01 0.42 0.01 0.63 0,86
Cybianthue datergena 1 30.8 1.69 0.01 0.42 0,00 0.63 0,96
Protium almocega 1 30,8 1.69 0,01 0.42 0.00 0,63 0.96
Chryaophylium marginatum 1 30.8 1.69 0.01 0.42 0.00 0.63 0.96
Cardiopetalum calophylium 1 30.8 1.69 0,01 0,42 0.00 0.63 0,96
Erythroxylum englerii 1 30.8 1.69 0.01 0.42 0.00 0.63 0.96
Baniatertopaia ap 1 1 30.8 1.60 0,01 0.42 0.00 0.63 0.96
Note: 41 lamibee, 61 geneia and 76 sp*owe pieoent. Nina lamiltao aooouni loi 49% ot the species: .eguininosee (6), Myitao*a* id). Moiaoaao
(5), Molucca* (41, SapinUaoooa (4). Rubtaoaaa (3). Symptooaoaa# (3), Mafcighieoooo (3) and Myrtmaoaaa (3). Eleven ganaia. U*n>siar,opti* (3).
SympJocos (3), Fkum(2\. Gu»raa(2). MyrcisQ). Protium (2), Tormmait* (2) and TrichUia (2). had moia than ona ipecwo.
Table 16 - Phy toaoclologlcal parameters - sample site BARBiOUOA
No. of points - 60 density ~ 9024.34ir»d./ha aver, point-plant dial. ~ 1.063m
No. of ind. - 240 baaal area = 131.261m2/ha circ > » 5cm















Copaifera langadorffii 7 263.20 10.00 21.62 2.92 16.47 2.88 22.26
Micropholia venuiosa 2 76.20 3,33 22.66 0.83 17.26 0.96 19.04
Cheiioclinium cognatum 16 664.00 20,00 8,73 8.25 8.66 6.7 1 18,62
Tapirtra guienenais 10 376.00 16.00 1 1,63 4.17 8,78 4.29 1 7.23
Vochyaia pyramidalia 2 76,20 3,33 14.14 0.83 10,77 0,96 12.66
AJibertia eduiia 1 1 413.80 16,00 1,19 4.68 0,90 4.29 9.77
Laciatema haaalerianum 10 376.00 16.67 0.14 4.17 0,10 4.76 9.03
CaJliatheno major 6 226.80 8.87 6.97 2,60 4,64 1.90 8.96
Picus ap 1 1 37.60 1.87 9.91 0.42 7.66 0,48 8.44
Vitex polygama 3 1 12,80 1.67 7.00 1.26 6.33 0.48 7.06
Rollinia aericea 6 226.80 10.00 2.00 2,60 1,63 2.86 6,88
Terminalia fagifolia 1 37,60 1,87 7,66 0.42 6,84 0.48 6.73
Nectandra gardneri 7 263,20 1 1.67 0.69 2,92 0,46 3,33 6.70
Guapira ap. 7 283.20 10.00 0.09 2.92 0.07 2.86 5.84
Ixora warmingii 6 226.60 10.00 0.26 2.60 0.20 2,86 6.66
Roupaia montana 7 263,20 8.33 0,22 2.92 0.1 7 2.38 6.47
Licania sp. 3 1 1 2.80 3.33 3.84 1.26 2.93 0,96 6.13
Pera obovata 8 226.80 8.33 0. 14 2.60 0.1 1 2.38 4.99
Sorocea sp. 6 226.60 8.33 0.1 1 2.60 0.09 2.38 4,97
Aspidosperma apruceanum 6 188.00 8.33 0.23 2.08 0.18 2.38 4.84
Dioapyros hiapida 6 188.00 8.87 0,69 2.08 0.62 1,90 4.61
Matayba gutanoneia 4 160.40 8.67 0.69 1.87 0,63 1.90 4.10
Myrcia roatrata 6 188.00 8.87 0.1 1 2,08 0.09 1.90 4,07
Indet 1 (369-1) 4 160.40 6.67 0. 1 1 1.87 0.08 1.90 3 86
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Myrsina umbellate 4 160.40 6.87 0.08 1.87 0.06 1 90 3.63
Aapidosperm a auCincinum 4 160.40 6.00 0.33 1.87 0.26 1 43 3.34
Piptocarpha macropoda 3 1 12.80 5.00 0.69 1.26 0.63 1 43 3.20
Cupanta vornalia 6 188.00 3.33 0.1 1 2.08 0.09 0 96 3,12
Salacia elliptic* 3 1 12.80 6.00 0.30 1.26 0.23 1 43 2.90
Baruateriopata ap.3 3 1 12.80 6,00 0.28 1.26 0.22 1 43 2.89
Inga cylindrica 3 1 12.80 5.00 0.18 1.26 0. 14 1 43 2.82
Stphonaugana denatflora 3 1 12.80 6.00 0.08 1.25 0.06 1 43 2.74
Miconta sp.6 3 1 12.80 6.00 0.08 1.26 0.04 1 43 2,72
Goettarda viburmoides 2 76.20 3.33 1.18 0.83 0.90 0 96 2,69
Inga aiba 2 76.20 3.33 0.84 0.83 0.64 0 96 2.42
Cordia sailowtana 2 76.20 3.33 0.79 0.83 0.60 0 96 2.39
Myratna gutananaia 3 1 12.80 1.67 0.69 1.26 0.63 0 48 2.26
Eriothec* pubeacena 1 37.60 1.87 1.73 0.42 1.32 0 48 2,21
Cryptocarya aacheraonian* 2 76.20 3,33 0,44 0.83 0,34 0 96 2.12
SwarUia apetaia 2 75.20 3.33 0.29 0,83 0.22 0 96 2.01
Miconta chamiaaota 2 76.20 3.33 0,19 0.83 0,14 0 96 1.93
Licama apetaia 2 76.20 3.33 0.09 0.83 0.07 0 96 1,86
Cardiopataium caiophyllum 2 76.20 3.33 0.08 0.83 0.06 0 96 1,86
Indat 22 (302-4) 2 76.20 3.33 0.08 0.83 0.06 0 96 1.83
Prunua aailowii 2 76.20 3.33 0,03 0,83 0.02 0 96 1.81
Trichiiia alogana 2 76.20 3.33 0.03 0.83 0.02 0 96 1.81
Miconta ap. 1 2 76,20 3.33 0.02 0,83 0.02 0 96 1,80
Indat 9 (203-2) 1 37.60 1.67 1.08 0.42 0.82 0 48 1.71
Amatoua gutanenais 2 76,20 1.67 0,07 0.83 0.06 0 48 1,36
Ceatrum c1. baeritztt 2 76.20 1.87 0.08 0.83 0,04 0 48 1.36
Erythroxylum anglarit 2 76,20 1.87 0.04 0.83 0.03 0 48 1.34
Xyloama bemhamtt 2 76.20 1.67 0,02 0.83 0.02 0 48 1,32
Qualaa muitiflora 1 37.60 1.87 0,43 0.42 0.33 0 48 1,22
Miconta aellowtana 1 37,60 1.67 0,14 0.42 0.1 1 0 48 1,00
Auatroplenki* popuinoa 1 37.60 1.87 0.12 0,42 0.09 0 48 0.98
Syagrua olerecea 1 37.60 1.87 0.1 1 0.42 0.08 0 48 0.98
Myrcia pubipetela 1 37.60 1.87 0.10 0.42 0,07 0 48 0.97
Endltchona paniculate 1 37.60 1.67 0.08 0.42 0.08 0 48 0.96
Sof|arua ap. 1 37.60 1.67 0.08 0.42 0.08 0 48 0.96
Indat 4 (23-4) 1 37,60 1.87 0.07 0.42 0.06 0 48 0.94
Bantatariopata m all foil a 1 37.60 1.87 0,08 0.42 0.06 0 48 0,94
Miconta ap.7 1 37.80 1.67 0.08 0.42 0,04 0 48 0,94
Jacafanda copata 1 37.60 1.87 0.06 0.42 0.04 0 48 0,93
Emmotum nttena 1 37.80 1.87 0,06 0.42 0,04 0 48 0,93
Maytanua alaternoidea 1 37.80 1.87 0,06 0.42 0.04 0 48 0,93
T apur a amazontca 1 37.80 1.87 0.06 0,42 0.04 0 48 0,93
Tramblaya parvtflora 1 37.80 1.67 0.04 0.42 0,03 0 48 0,92
Hodyoamum braailicnao 1 37,60 1.67 0.03 0,42 0,03 0 48 0.92
Xyloama paaudoaalzmanti 1 3 7.80 1.67 0.03 0.42 0.03 0 48 0,92
Indat 2 (168-3) 1 37.80 1.87 0.03 0,42 0.03 0 48 0.92
Heteroptaris acutifolia 1 37.80 1.67 0.02 0.42 0.02 0 48 0,91
Sacoglottia mattogroaaanaia 1 37.80 1.87 0,02 0.42 0.01 0 48 0,91
Miconta ap.2 1 37,60 1.87 0.02 0.42 0,01 0 48 0.91
Baruateriopate ap. 1 37.60 1.87 0.02 0.42 0.01 0 48 0.91
Couaaaraa hydrangoaofolia 1 37.60 1.87 0.02 0.42 0.01 0 48 0,91
Byraontma laxtflora 1 37.60 1.87 0.02 0.42 0.01 0 48 0,91
Ptpar ap. 1 37.80 1.87 0,01 0.42 0.01 0 48 0.90
Ourataa parviflora 1 37.60 1.67 0.01 0.42 0.01 0 48 0.90
Bamatanopaia ap.2 1 37.80 1.87 0.01 0,42 0,01 0 48 0,90
Indat 13 (226-13) 1 37.60 1.67 0.01 0.42 0.01 0 48 0,90
Bubtacaaa ap. 1 37,60 1.87 0,01 0.42 0.01 0 48 0,90
Xylopia aaricaa 1 37.80 1.67 0.01 0.42 0,01 0 48 0,90
Coccoloba cf. och/aolata 1 37,60 1,67 0.01 0,42 0,01 0 48 0.90
Not*: 50 famitiea, 70 ganata and 84 (paotaa prsaent. Nino families account lot
Rubuiooao (6), Laguminosae (4), Annonaoaao (3), Lauiacoae (3). Myitaceae (3),
(5), Banialar/opata (4), Aaprdoapormaa (2), Inga (2). Ltcania (2). Myrcia (21 and
4S% ol tho iptcwi: Melastomatacoao (7)
Sapmdacoao (3) and Vochysiacaaa (3). So
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Tatoia 17 • Phytoaocloiogicai parameters - inmplt al le TRES BARBAS
nc. of points - 64
no. of ind. - 266
Shannon - Wiener H' ~ 4.1 7. evenness * 0.91
density - 7743.06ind./ha
baaai area > 94.888m2/ha
aver, point-plant dist.
















Tspirirs guianenais 14 423,40 20,31 16,49 6.47 16.33 6.94 27,73
Cyathea ap. 12 363.00 12,60 8,84 4.39 7,21 3,86 16,56
Cheiioclinium cognatum 9 272,20 14,06 8.88 3.62 7.01 4. 1 1 14.64
Pseudolmedia laevigata 10 302,60 12,60 8.87 3.91 7.03 3,66 14.59
Micorua chartacea 17 614.20 18,76 1,36 6.84 1.42 5.48 13,64
Eutorps eduiia 8 242.00 8,26 6,46 3.13 6,75 1.83 10,70
Protium heptaphylium 4 121,00 6,26 4.18 1,66 4,40 1.83 7.78
Matayba guianonsis 9 272.20 12,60 0.28 3,62 0,30 3,66 7.47
Cailia thane major 7 211,70 8,26 2.40 2,73 2,63 1,83 7,09
Copaifera langadorffii 6 161,20 7.81 2.83 1,96 2,77 2,28 7,01
Hiaronyma alchornaoides 1 30,20 1,68 6,71 0,39 8,02 0,48 8,86
Miconia cuspidata 7 21 1,70 10,94 0,77 2,73 0,81 3,20 8,74
Indat 22 (392-4) 1 30,20 1,68 5,42 0.39 5,71 0,46 8.6 8
Symplocoa rutana 1 30,20 1,68 4.86 0,39 4,90 0,46 6,76
Siphoneugona densiflora 6 16 1.20 6,26 1,44 1,96 1.51 1.83 6,29
Miconia chamiasois 8 181.60 7.81 0.22 2,34 0,23 2,28 4,86
Rapanaa umbeilata 6 161,20 7.81 0,13 1.96 0,13 2,28 4,37
Xylopia saricaa 8 181.60 4.68 0.80 2,34 0,63 1.37 4,36
Sacoglottis mattogrossansis 6 161,20 4.89 0.64 1,96 0,68 1.37 4,00
Siparuna guiananais 2 80.60 3,13 2,12 0,78 2,24 0,91
""
3,93
Licania apetaia 6 161,20 8,26 0,07 1,96 0,07 1,83 3,86
lndat 1 1 (266-1) 2 80,60 1.66 2,43 0,78 2.66 0.48 3,80
Viroia sabifera 3 90,70 4.69 1,14 1.17 1,20 1.37 3,74
Faramea cyanaa 3 90,70 4.69 0,60 1.17 0,83 1.37 3.17
Nectandra sp.2 1 30,20 1.66 2,13 0,39 2,24 0,46 3,09
Protium sp. 1 30,20 1,66 2,10 0,39 2,22. 0,48 3,08
Ferdinandusa spaciosa 1 30,20 1,68 2,08 0,39 2,19 0,48 3,04
T apur a ama-tomca 4 121,00 4,89 0,10 1,68 0,10 1.37 3,04
Richaria obovata 2 80,60 3.13 1.21 0.78 1.27 0,91 2,97
Max intagrifoiiua 3 90,70 4.69 0,32 1.17 0,33 1.37 2,88
Gomidaaia brunaa 3 90.70 4,69 0,12 1.17 0,13 1.37 2,87
Guattaria ap. 3 90,70 4.69 0,08 1.17 0,09 1.37 2,84
Miconia sp.8 3 90,70 3,13 0,49 1.17 0,62 0,91 2,60
Gaonoma achottiana 3 90,70 4,69 0,04 1.17 0,04 1.37 2,68
Cacropia pachystachya 2 80,60 3,13 0,84 0,78 0,89 0,91 2,68
Symplocoa mosanii 2 60,60 3,13 0.67 0,78 0,71 0,91 2.40
Sclerolobium paruculatum var. aubvaiutinum 3 90,70 3,13 0,09 1.17 0.10 0,91 2,18
Cordis ap. 3 90,70 3,13 0,00 1.17 0,08 0,91 2.17
Protium aimecaga 2 80,60 3,13 0,4 1 0,78 0,43 0,91 2.12
Duguetia lanceolata 3 90.70 3.1 3 0.03 1.17 0,03 0,91 2.11
Sorocaa ap. 2 80,60 3.13 0.34 0,78 0,36 0.9 1 2,06
Cryptocarya aacharaomana 2 60,60 3,13 0,29 0,78 0,31 0,91 2,00
Para obovata 2 60,60 3,13 0,22 0,78 0,23 0,91 1,92
Hadyoamum brasilianaa 2 80,60 3,13 0,19 0,78 0,21 0,91 1,90
Maprounaa guianansia 2 60,60 1,68 0,82 0,78 0,66 0.48 1,89
Saiacia alliptica 1 30,20 1,66 0,88 0,39 0,93 0,46 1.78
Cybianthua glabar 2 80,60 3,13 0,07 0,78 0,08 0,91 1.77
Cuparua varnalis 2 60,60 3,13 0,07 0,78 0,07 0,91 1.77
Cabraiaa canjarana 2 80,60 3,13 0,03 0,78 0,03 0,91 1.72
Prunua chamiaaoana 2 60,60 3,13 0.02 0,78 0,03 0,91 1.72
Lacistama haaslarianum 2 80,60 3,13 0,02 0,78 0,02 0,91 1.72
Ilex pseudotheezans 1 30,20 1,66 0,68 0,39 0,81 0,48 1,48
Oaphnopais fasciculate 1 30,20 1.66 0,46 0,39 0,48 0,46 1.33
Nectandra ap. 1 60,60 1.66 0.03 0,78 0.03 0,48 1.27
Varnonia ferruginaa 60,60 1.68 0.02 0,78 0,02 0,46 1.26
Indet 26 (274-1) 1 30.20 1,66 0,38 0.39 0,41 0,48 1.26
Licania octandra 1 30,20 1,68 0,38 0,39 0,40 0,48 1.24
Guatteria sellowiana 1 30,20 1,68 0,23 0,39 0,24 0.48 1,09
Miconia sallowiana 1 30,20 1,68 0.18 0,39 0,19 0.4 8 1,04
Tibouchina candolleana 1 30,20 1,66 0,13 0.39 0,14 0,46 0.99
Kieimayera variabilis 1 30.20 1,66 0.13 0.39 0,13 0,46 0.98
Miconia ap.3 1 30,20 1.6 6 0,12 0,39 0,12 0,48 0,97
Ficus »p. 1 30.20 1,68 0.10 0,39 0.10 0,46 0.96
Bamstariopaia ap. 1 30,20 1.66 0,10 0,39 0,10 0,46 0.96
Cailisthana faaciculata 1 30,20 1.66 0,09 0,39 0,09 0.46 0,94
Ocotaa ap. 1 1 30,20 1.68 0,06 0,39 0.06 0,48 0,90
Nectandra gardneri 1 30,20 1,66 0.04 0,38 0,04 0,48 0,89
Moilinodia oligantha 1 30.20 1,66 0.03 0.39 0.04 0,48 0,88
Indat 1 (369-1) 1 30,20 1,66 0.03 0,39 0.04 0.46 0.88
Ocotaa corymbosa 1 30,20 1.66 0.03 0,39 0,04 0.46 0,88
Bauhinia sp. 1 30,20 1.6 6 0.03 0.39 0.03 0.48 0.88
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Table 17 - Phy tosociological p«r«m«t«n • sample riU TRES BARRAS - (com )
aba. aba. aba. rel. rel. rel.
I V Ispecies n
dens. freq. dom. dens. dom. freq.
Ocotea apixiana 1 30,20 1,68 0,02 0,39 0,03 0,46 0,87
Qualea dichotoma 1 30,20 1,68 0,02 0,39 0,02 0,48 0.87
Cestrum cf. pediceilatum 1 30,20 1,66 0.02 0.39 0.02 0.46 0.87
Piper sp. 1 30,20 1,68 0.02 0,39 0.02 0.48 0,87
Indet 21 (32-2) 1 30,20 1,68 0,02 0,39 0,02 0,48 0,88
Guettarda viburnioidea 1 30,20 1,68 0,02 0,39 0.02 0.46 0.88
Nectandra ciaaiflora 1 30,20 1,68 0.01 0,39 0,01 0,46 0.88
Amaioua guienenaia 1 30,20 1,68 0,01 0,39 0,01 0,48 0,86
Xylopia brasiliensis 1 30,20 1,68 0,01 0.39 0,01 0.46 0.88
Alchornea glanduloaa 1 30,20 1.68 0,01 0,39 0.0 1 0.48 0,86
Indet 13 (226-13) 1 30,20 1.68 0,01 0,39 0,01 0.46 0.88
Mikarua psiioatachya 1 30,20 1,68 0,01 0,39 0,01 0,48 0,86
Indet 6 (296-1) 1 30,20 1,66 0,01 0,39 0,01 0.48 0.88
Xyloama pseudoselzmenu 1 30,20 1,68 0,01 0.39 0,01 0,48 0,88
Agonandrs englorii 1 30,20 1,68 0,01 0,39 0,01 0.46 0,86
Ocotea sp.2 1 30,20 1,68 0,01 0,39 0,01 0.48 0.86
Myrsine coriacea 1 30,20 1,68 0,01 0,39 0,01 0,46 0,86
Cardiopetaium calophyllum 1 30,20 1,66 0,01 0,39 0,01 0.46 0.88
Indet 14 (240-4) 1 30,20 1,66 0,01 0,39 0,01 0.48 0,88
Celtis iguanaea 1 30.20 1,68 0.01 0,39 0.01 0.46 0.86
May tonus alaternoides 1 30,20 1,68 0,01 0,39 0,01 0.46 0,88
Rollinia sericaa 1 30,20 1,66 0,01 0,39 0,01 0.48 0,86
Terminaiia phaeocarpa 1 30,20 1,66 0,01 0,39 0,01 0.48 .0.86
Coussarea hydrangeaefoiia 1 30,20 1,66 0,01 0,39 0,01 0,48 0,86
Micoma sp.4 1 30,20 1,66 0,01 0,39 0,01 0,46 0.86
Indet 20 (292-4) 1 30,20 1,68 0,01 0,39 0,01 0.48 0.8G
Psychotna carthagenenaia 1 30.20 1,56 0,01 0.39 0.01 0.46 0.86
Not*; 50 lamiiias, 80 ganara and 98 apaoiaa prasant. 10 lamiltas aooount lor 51% ol (ha spacras: lauiaoaaa (9). Malastomataoaaa (8),
Annonaoaaa (7), Rubiaoaaa (01, Euphorbiaoaaa (S), Quraaraoaaa (31, Laguimnoaaa (3), Moraoaaa (3), Myiauiaoaaa (31 and Voohyaiaoaaa (31.
Thraa gonora, Mioonia (6), Myraina (?) and Piolium (2), hava mora than a aitigla apaotaa.
Table 18 - Phytosocloloulcal param»(ar» - sample art a PALMAS
no. of points - 80 donaity = 10699.10ind./ha aver, point-plant dist. =* 0.967m
no. of ind. - 240 basal area ;=■ 94.348m2/ha circ. > - 5cm















Attalea phaierata 14 824,10 18,33 33.68 6.83 36.67 5,31 48.72
Anedenanthera coiubrina var. cobil 3 133,70 6,00 16.30 1.26 1 7,28 1,46 19.98
Matayba guianenais 13 679.60 20,00 1.18 6,42 1.23 6,80 12.44
Cupant a vernaiia 12 636.00 20,00 1,06 6,00 1.1 1 6.80 1 1,91
Swartzia apetala 16 868,70 18.87 0,4 1 8,26 0,44 4.83 1 1.62
Aapidoaperma subincanum 1 1 490,40 16,87 0,80 4.68 0,86 4,83 10,26
Emmotum nitons 4 1 78.30 8.8 7 6,03 1.87 6.34 1,93 8.94
Bamatariopsis sp. 8 366.80 1 1,87 0,47 3.33 0,60 3,38 7,22
TerminaJia fagifolia 6 222,90 6.87 1.87 2,08 1.77 1,93 6,79
Myrcia roatrata 8 267.60 8.33 0,76 2,60 0,81 2.42 6.72
Cheiloclimum cognatum 8 267,60 10,00 0.27 2.60 0,28 2,90 6,68
Goettarda viburnioides 4 178,30 8.87 1.79 1.87 1,89 1,93 6.49
Coussarea hydrangeaefoiia 5 222,90 3,33 1.78 2,08 1,89 0,97 4.94
Tapura amaxoruca 6 287.60 6.87 0,28 2.60 0,29 1.93 4.73
Siphoneugena densiflora 6 222.90 8.67 0.16 2,08 0.16 1,93 4.18
Bauhmra rufa 3 133,70 6,00 1,38 1.26 1.47 1,46 4,16
Paimae (328-1) 1 44.60 1.67 3,07 0,42 3,26 0.48 4.16
Enterolobium eliipticum 1 44.80 1,87 3,07 0.42 3,26 0,48 4.16
Connarus rogneilii 6 222,90 8.87 0,09 2,08 0,10 1,93 4.1 1
Ficue sp. 3 133,70 6,00 1.26 1.26 1.32 1,46 4,02
Alibertia eduiis 4 1 78,30 6.87 0,34 1.87 0,36 1.93 3,98
Tapirira guianenais 4 1 78,30 8,67 0,24 1.67 0.26 1,93 3.86
Roupala montana 6 222.90 6.00 0,16 2.08 0.16 1.46 3,69
Hymenaea courbaril var. stilbocarpa 1 44.60 1.87 2,66 0,42 2,72 0,48 3,62
Inga alba 3 133,70 3,33 0.92 1.26 0.97 0,97 3.19
Licarua apetala 6 222.90 3.33 0.10 2.08 0.1 1 0.97 3.16
Tibouchina candolleana 1 44.60 1.87 2,10 0.42 2,23 0,48 3.13
Campomaneaia volutins 2 89,20 3,33 1.26 0,83 1,33 0,97 3.13
Oiospyros hiapida 3 133,70 6.00 0,28 1.26 0.30 1,46 3,00
Ssiacia clliptica 3 133,70 6,00 0,19 1.26 0,20 1.46 2.90
Solanum pamculatum 3 133.70 5,00 0.14 1.26 0.16 1,46 2.86
Simarouba versicolor 2 89.20 3,33 0.98 0,83 1 ,04 0,97 2,84
Torminalia glabreacena 1 44.60 1.87 1.79 0.42 1.90 0.48 2.80
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Table 18 - Phy tosociological parameters - sample Mta PALMAS (com.)
aba. aba. aba. rol. rol rel.
1 V 1apeciea n
fraq.dens. freq. doin. dens. dom.
Copaifera langsdorffii 3 133.70 6.00 0.04 1.26 0.04 1.46 2.74
Leg (319-2) 3 133.70 3.33 0.49 1.26 0.61 0.97 2.73
Sclerolobium pamcuiatum var. autovelutinum 3 133.70 3,33 0.44 1.26 0.46 0,97 2.68
MoutaOea excoriate 1 44.80 1.87 1.65 0.42 1.84 0.48 2.64
Luehea grsndiflora 3 133.70 1.87 0.78 1.26 0.80 0.48 2.64
Piptocsrphs mscropoda 3 133.70 3,33 0.1 1 1.26 0.12 0.97 2,34
Bignoruaceee (366-2) 3 133,70 3.33 0.06 1.26 0.06 0,97 2.27
Myrsine umbellate 2 89.20 3.33 0.32 0.83 0,34 0.97 2.14
Macairea sp. 2 89.20 3.33 0.27 0.83 0.28 0,97 2.08
Indet 22 (392-4) 1 44.60 1.67 1.11 0.42 1.18 0.48 2.08
Andirs sp. 1 44.60 1.67 0.96 0.42 1.02 0.48 1,92
Tabebuia impetiginoaa 2 89.20 3.33 0.1 1 0.83 0.1 1 0.97 1.91
Indet 3 (337-4) 2 89.20 3.33 0.08 0.83 0,08 0.97 1.88
Indet 18 (31 1-1) 2 89.20 3.33 0.04 0.83 0.04 0.97 1.84
Indet 7 (324-1) 2 89.20 3.33 0,03 0.83 0.03 0.97 1,83
Ceiyptranthes lucida 2 89.20 3.33 0.03 0,83 0.03 0,97 1.83
Xyiopia emarginata 2 89,20 3.33 0,02 0,83 0.02 0.97 1.82
Myrsine coriacea 1 44.80 1.87 0.86 0.42 0.90 0.48 1,80
Xyiopia braailienais 2 89.20 1.87 0.13 0.83 0, 14 0.48 1,48
Micorwa ap.8 1 44,60 1.87 0.30 0,42 0.32 0.48 1.22
Ouratoa caataneifolia 1 44.80 1.87 0.18 0,42 0,1 7 0.48 1.07
Ocotea spixiana 1 44.60 1.87 0.12 0.42 0,12 0,48 1.02
Cybianthua detergens 1 44.60 1.87 0.12 0.42 0.12 0.48 1,02
Virola sebifera 1 44.60 1.87 0,10 0.42 0.1 1 0.48
—
1.01
Eugenia florida 1 44,80 1.87 0.09 0.42 0,10 0.48 1,00
Inga marginata 1 44,60 1.87 0.09 0.42 0.09 0.48 0.99
Apuleia leiocarpa 1 44.80 1.87 0.07 0,42 0.07 0,48 0.97
Cinnamomum ap. 1 44.60 1.87 0.08 0.42 0.06 0.48 0,96
Faramea cyanea 1 44.60 1.87 0.06 0.42 0.06 0.48 0.96
Miconia albicans 1 44,80 1.87 0,04 0.42 0,06 0,48 0.96
Indet 16 (137-2) 1 44.80 1.87 0,04 0.42 0.04 0,48 0,94
Machaerium aculeatum 1 44,80 1.87 0.04 0.42 0.04 0,48 0.94
Ouratea hexaaperrna 1 44,80 1.87 0.03 0.42 0.03 0.48 0.93
Calliathene ma|or 1 44.80 1.87 0.03 0.42 0.03 0.48 0.93
Mikama pailostachya 1 44.60 1.87 0.02 0,42 0,02 0.48 0.92
Myrcia tomentosa 1 44.60 1.87 0,02 0.42 0.02 0,48 0.92
Lacistema hasaienanum 1 44.60 1.87 0.02 0.42 0,02 0.48 0.92
Xyloama paeudoaalzmami 1 44.60 1.87 0.02 0.42 0.02 0.48 0.92
Indet 17 (339-1) 1 44.80 1.87 0.02 0.42 0.02 0.48 0.92
Chrysophyllum marginatum 1 44.60 1.87 0.02 0.42 0,02 0,48 0.92
Miconia bergei 1 44.80 1.87 0.02 0.42 0.02 0.48 0,92
Rubiaceae sp. 1 44.80 1.87 0,02 0.42 0.02 0,48 0,92
Myrsine gardnerisna 1 44.60 1.87 0.02 0.42" 0.02 0.48 0.92
Alibertia macrophylla 1 44.60 1.87 0,01 0.42 0,01 0.48 0.91
Trembleya parviflora 1 44.80 1.87 0.01 0.42 0,01 0.48 0.91
Miconia sp.9 1 44,60 1.87 0,01 0.42 0.01 0,48 0.9 1
Ceitis iguanaea 1 44.60 1.67 0,01 0.42 0.01 0.48 0,91
Helicteres cf. brevispira 1 44.80 1.87 0.01 0.42 0,01 0.48 0.91
Licania octandra 1 44.60 1.87 0.01 0.42 0.01 0.48 0.91
Compositae (361-3) 1 44,60 1.87 0,01 0.42 0,01 0.48 0.91
Brunfelsia brasiliensis 1 44,60 1.87 0.01 0.42 0.01 0,48 0,91
Miconia chartacea 1 44,60 1.67 0.01 0.42 0.01 0.48 0,91
Nolo; 43 Ismiiies, 72 genets and 85 ipioni piaeent. Six entities aoouunl loi 4 /% oi the ipaowi Lagunniioasa (13). Maiaalomalaoaaa (6),
Myitaosaa (6), Rubiaoaao (6), Myismsoeae (4) and Componi as (31. Six ganoia, V moina (5) Myiama (31. 1 mains (7), Myicia (2). raimmaiia (2) and
Xylopis (2), hav* mon than oni ipiom.
Table 18 - Phytoaocloloqicai parameters • sample site BANANAL
no. of points - 60 density = 26944 ,70ind./ha aver, point-plant dist. - 0.821m
no. of ind. - 240 basal area =» 249.149m2/ha circ > - 6cm
Shannon - Wiener H' - 3.63, evennoss - 0.82
aba. abs. abs. rel. rel. rel.
1 V 1species n
dens. freq. dom. dena. dom. freq.
Caiophyllum brasiliense 19 2088.80 28.81 98.82 8.06 39.66 8,21 56.93
Xyiopia emarginata 22 2418.60 32.20 19.66 9,32 7,86 9.18 28.36
Talauma ovata 18 1769,00 27.12 16.89 6.78 6,78 7.73 21.29
Myrcia sp. 19 2088.80 26.42 3.08 8.06 1.23 7.26 18.62
Polypodium fraximfolium 8 669,60 10,17 19.16 2.54 7.89 2.90 13,13
Geonoma schottiana 16 1639.10 20,34 1.39 6.93 0.68 6.80 12.29
Tapirira gmartensis 8 669.60 10.1 7 16.92 2.64 8,39 2.90 1 1.83
Faramea cyanea 5 649.70 3,39 19.96 2.12 8.01 0.97 1 1,09
Protium heptaphyllum 6 649.70 8 47 13.71 2.12 6.50 2.42 10.04
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Myrsine umbellate 10 1099.40 13.68 4.39 4.24 1.76 3.86 9.86
Malsnoa macrophylla d 989.40 16.26 0.63 3,81 0.21 4.36 8.37
Protium almecega 6 689.60 10.18 6.86 2.64 2.76 2.90 8,20
Hedyosmum brssiltonse 6 649.70 8.47 0.72 2.12 0.29 2.42 4.82
P runus chamisaoana 6 649.70 8.47 0.67 2.12 0,27 2.42 4.80
Indet 22 (392-4) 2 219.90 3.39 8.44 0.86 2.68 0.97 4,40
Myrcia leruottoana 6 649.70 8.78 0.89 2.12 0.28 1.93 4.33
Erythroxylum daphnites 4 439.70 8.78 1.18 1.69 0.48 1.93 4.09
Styrax guianensis 3 329.80 6.08 3.31 1.27 1.33 1,46 4,06
Para obovata 4 439.70 6.08 1.86 1.69 0.74 1,46 3.89
Myrsine guianensis 4 439.70 8,78 0,60 1.89 0.24 1.93 3.87
Erythroxylum englerii 6 649,70 6,08 0,56 2.12 0.22 1.46 3,79
P runus sellowii 4 439.70 6.08 1.4 1 1.69 0.67 1.46 3.71
Psychotria carthagenenais o 439.70 8.78 0.20 1.69 0.08 1,93 3.71
Trtchiiia catigua 4 439.70 6.08 0.27 1,89 0.1 1 1,46 3.26
Gaylussacia brasiliensis 6 439.70 6.08 0,28 1,89 0.10 1,46 3,26
Cyathea sp. 2 219.90 3.39 3.06 0.86 1,23 0,97 3.04
Banisteriopsis sp. 2 219.90 3.39 2.70 0.86 1,09 0.97 2.90
Euplassa inaequalis 3 329.80 6.08 0.26 1.27 0.10 1,46 2.82
Ferdinendusa speciosa 4 439,70 3.39 0.40 1.89 0.16 0.97 2.82
Cybianthus glaber 3 329,80 6.08 0,12 1.27 0.06 1,46 2.77
Emmotum nitsns 2 219.90 3.39 0,28 0.86 0.10 0,97 1.92
Indet 12 (4 14-3) 2 219.90 3,39 0.10 0.86 0.04 0.97 1,86
Myrcia pubipetaia 2 219,90 1,69 1.16 0.86 0.46 0.48 *1,79
Ilex affims 2 219.9 1,69 0.3664 0,86 0,16 0.48 1,48
Indet 8 (398-2) 2 219.9 1,89 0.1 123 0.33 0,06 0.48 1,38
Siphoneugena densiflora 1 219.90 1.89 0,07 0,86 0.03 0,48 1,36
Liearua apetaJa 1 109.90 1.69 0.69 0.42 0.28 0.48 1.18
Tabebuia impetiginoaa 1 109.90 1.69 0.60 0.42 0.20 0.48 1.11
Ocotea aciphylla 1 109,90 1,89 0.26 0.42 0,10 0.48 1.01
Coccoioba sp. 1 109.90 1.89 0.08 0.42 0.03 0,48 0.94
Ilex integrifoiius 1 109.90 1.89 0.08 0,42 0,03 0.48 0.94
Sympiocos mosemi 1 109.90 1.89 0.07 0.42 0.03 0.48 0,94
Micoma chamissois 1 109.90 1.69 0.08 0.42 0.02 0,48 0.93
Linociera arborea 1 109.90 1.69 0.0 8 0.42 0.02 0.48 0,93
Indet 10 (406-11 1 109.90 1.69 0.06 0.42 0,02 0,48 0,93
Stylogyne ambigua 1 109.90 1,69 0.04 0,42 0.02 0.48 0,92
Guatteria sp. 1 109.90 1.69 0.04 0.42 0,02 0,48 0.92
Cabraiea canjerana 1 109.90 1.89 0.04 0.42 0,01 0.48 0.92
Piper arboreum 1 109.90 1,89 0.04 0.42 0.01 0.48 0.92
Sapium obovatum 1 109,90 1,69 0.03 0.42 0.01 0.48 0.92
Inga affinis 1 109.90 1,69 0.03 0.42 0,01 0,48 0.92
Indet 0 (408-4) 1 109,90 1,89 0,03 0.4 2- 0,01 0.48 0.92
Banisteriopsis maiifolia 1 109.90 1,69 0,03 0.42 0.01 0,48 0.92
Myrcia yenulosa 1 109.90 1.69 0.02 0.42 0.01 0,48 0.92
Indet 1 (389-1) 1 109.90 1.89 0.02 0.42 0.01 0.48 0,92
Miconia sp 8 1 109.90 1.89 0.02 0.42 0.01 0.48 0.92
Not#: 38 families, 48 ganeia and 57 species present. Thiee families aooount loi 22 % of the ipoowi: Myitaoaaa (51. Buiseiaoaae (4) and
Rubiaoaaa (4|. Sevan geneia, Myroia (4). Benisteiiops* (2), Eiythioxyfum (2). Ilex (2). Mtconia (2). Myisine (2) and Piotium (2), have moie than
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Table 20 - PhytoaocloloQicaf pirannttn • sample site CERRADO NOVO SETOR
no. of points « 80 density ■= 614.72ind./hs aver, point-plant dial. - 4.408m
no. of ind. « 240 bessi area = 1 1.948m2/ha circ. > - 6cm















Qualea parviflora 21 46,00 28.87 2,94 8.76 24.84 7.82 41,00
Caryocar brasiliense 16 34.30 26.00 1.27 6.87 10.86 7.14 24.46
Dalborgta miscoiobium 13 27.90 20.00 1.12 6.42 9.36 6.71 20.48
Syagrus comosa 17 36.60 23.33 0,72 7,08 8.01 8.87 19,78
Qualea grandiflora 12 26.70 18.33 1,09 6.00 9.10 6.24 19.33
Kielmeyera coriacea 24 61.60 28.33 0,08 10.00 0.66 8.10 18,74
Pouteria ramiflora 1 1 23.60 18.87 0,62 4.68 6,18 4.78 14,63
Pterodon pubescens 6 12.90 8.33 1.06 2.60 8.81 2,38 13,69
Saiacia craasifolia 10 21,40 18,87 0.26 4,1 7 2.08 4,78 11.01
Enotheca pubescens 10 21,40 13.33 0.16 4.17 1.31 3,81 9,28
Pouteria torts 6 10.70 6.87 0.62 2,08 4,36 1.90 8,36
Styrax ferruginous a 12,90 10.00 0.34 2.60 2.87 2.86 8,23
Piptocarpha rotundifolia 7 16,00 1 1,87 0.16 2.92 1,29 3,33 7.64
Aspidosperma tomentosum 8 17,20 13,33 0.03 3.33 0,23 3,81 7,38
Connerus suberosus var. fulvus 7 16,00 1 1,87 0,06 2.92 0,44 3,33 8,89
Syrsonima verbaacifoiia 6 12,90 8,33 0.10 2,60 0.83 2,38 6.71
Butia leiospatha 4 8,60 8.87 0.22 1.87 1,88 1.90 6,46
Ouratea hexeaperma 8 12,90 6.00 0,13 2.60 1.11 1.43 6,03
8yraonima crasaa 4 8,60 8,87 0.1 1 1.87 0,89 1,90 4,46
Annona crassiflora 3 8,40 6,00 0,21 1.26 1.76 1.43 **.43
Guapira noxia 4 8.60 8,87 0,10 1.87 0,80 1.90 4.37
Acosmium dasycarpum 4 8.80 8.87 0,08 1.87 0.61 1,90 4,08
Erythroxylum suberosum 4 8.60 8,87 0,01 1.87 0.09 1.90 3,86
Syagrus flexuosa 4 8,60 5.00 0,06 1.87 0,38 1.43 3,48
Eremanthus Qlomerulatus 3 6.40 6.00 0.02 1.26 0.16 1.43 2.83
Quaiea multiflora 1 2.10 1.87 0.17 0.42 1,48 0,48 2,36
Oimorphandra mollis 2 4,30 1.87 0.12 0,83 1.01 0,48 2,32
Lafoensia pecan 2 4.30 3.33 0.06 0.83 0.43 0.96 2.21
Erythroxylum tortuosum 2 4.30 3,33 0,01 0.83 0.12 0.96 1,90
Mimosa ciausserui 2 4.30 3,33 0.01 0,83 0,07 0.96 1.86
Byrsoruma coccolobifolia 2 4.30 3,33 0,00 0,83 0.04 0,96 1.82
Oaviiis eiliptica 2 4.30 3,33 0,00 0,83 0,03 0.96 1,82
Tabebuia ochracea 2 4.30 3,33 0,00 0.83 0,03 0.96 1,82
Indst. (dead by firs) 1 2.10 1.87 0,07 0.42 0,62 0,48 1.62
Ruupaia montane 2 4.30 1.87 0,01 0.83 0.06 0.48 1.37
Hymenaea stigonocarpa var. pubescens 1 2,10 1.87 0,04 0,42 0,38 0.48 1.26
Strychnos peeudoquina 1 2.10 1.87 0.03 0,42 0,29 0,48 1.18
Machasrium opacum 1 2.10 1,87 0,01 0.42 0,08 0.48 0.96
Oiospyros burchellii 1 2,10 1.87 0.00 0,42 - 0.02 0,48 0,92
Paiicourea rigida 1 2,10 1.87 0.00 0,42 0,02 0.48 0,91
Nesa theifera 1 2,10 1.87 0.00 0.42 0.02 0.48 0,91
Casearia ayivestris 1 2.10 1.87 0.00 0,42 0.01 0.48 0.90
Nola: 28 femifcaa, 35 geneia and 42 *peoiea piaaonl. Four lamilieaaccount loi 38% of the ■pooiea: loguriiinoaae (71, Malpightaoeao (3). Palmae
(3) and Voohysiaoaaa (3|. Four ganaia, Byiionma (31, Quakes (31, Eiythroxyiuin (2) and Pouteria (21, have moia than one specie*.
Table 21 - PhytosocloloQfcal parameters - sample sits CERRADO MATO GROSSO
no. of points - 60 donaity - 67 3.07ind./ha avor. point-plant dist. * 4.177m
no. of ind. - 240 basal area - 10.87 2m2/ha circ. > = 6cm















Ouratea hexasperma 34 81,2 41.87 1.1 136 14.17 10.43 1 1.96 36.66
Caryocar brasiliense 22 62.6 30 1.9323 9.17 18.1 1 8.81 36.88
Quaiea parviflora 20 47.8 28.33 2.0622 8,33 19.23 8,13 36,7
Daibergia miscoiobium 20 47.8 26 1,6793 8,33 14,8 7.18 30,31
Quaiea grandiflora 19 46.4 30 0.733 7.92 8.87 8.61 23.4
Kieimeyera coriacea 21 60. 1 28.67 0,084 8,76 0,79 7.88 17,19
Qualea muitiflora 13 31 20 0.4334 5.42 4.08 6.74 16.22
Piptocarpha rotundifolia 1 1 26.3 18.33 0.0819 4,68 0.77 5.26 10,61
Oidymopanax macrocarpum 8 19.1 13.33 0.2212 3.33 2.07 3,83 9,23
Saiacia crassifolia 7 18.7 1 1,87 0.2878 2,92 2.7 3.36 8.96
Miconia rubiginosa 8 14.3 10 0.2789 2.6 2.81 2.87 7,98
Scleroiobium panicuiatum var. subveiutinum 8 14.3 10 0.1 898 2.6 1.78 2.87 7.16
Annona crasaiflora 2 4.8 3,33 0.2999 0.83 2.81 0,98 4.6
Enterolobium ellipticum 2 4.8 3.33 0,2832 0,83 2.66 0.98 4.44
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Styrax ferruginous 3 7,2 6 0,1779 1.26 1.67 1.44 4.36
Oavilla eiliptics 4 9.6 6.67 0.0213 1.67 0.2 1.91 3,78
Erythroxylum suberosum 4 9.6 8.67 0,0108 1.67 0.1 1.91 3,68
Stryphnodendron adstringene 3 7.2 6 0.0426 1.26 0,4 1,44 3.08
Micoms fallsx 2 4.8 3,33 0,1218 0,83 1.14 0,96 2,93
Aspidosperma tomentosum 3 7.2 S 0.0187 1.26 0.16 1,44 2,84
Machaenum opacum 2 4.8 3.33 0,091 3 0.83 0,86 0,96 2.66
Pouteris torts 2 4,8 3,33 0.0668 0.83 0.82 0,96 2.41
Strychnos pseudo-quina 2 4.8 3.33 0,066 0,83 0,62 0,96 2,31
Blopharocalyx saiicifolius 1 2.4 1.67 0. 1 293 0,42 1.21 0.48 2,1 1
Byrsoruma crsssa 2 4.8 3,33 0,0238 0,83 0.22 0.96 2,01
Erythroxilum tortuosum 3 7.2 1.87 0.0126 1.26 0,12 0,48 1,86
Tabebuia ochracea 2 4.8 3,33 0.0014 0.83 0,01 0.96 1.8
Guapira noxia 1 2.4 1.67 0,079 0.42 0,74 0,48 1,64
Byraomma verbsscifoiis 2 4.8 1.87 0,0195 0.83 0.1 8 0,48 1,49
Hymenees stigonocarpa var pubescens 1 2.4 1.87 0,0696 0,42 0,68 0.48 1,46
Syagrus comosa 1 2.4 1.87 0.0438 0.42 0.41 0.48 1.31
Tabebut a aurea 1 2.4 1.87 0.0393 0.42 0,37 0,48 1.28
Eriotheca pubescens 1 2.4 1.87 0.0171 0.42 0.16 0.48 1,06
Piptocarpha macropoda 1 2.4 1.87 0,01 29 0,42 0.12 0.48 1,02
Eremanthus giomerulatus 1 2.4 1.87 0,01 29 0.42 0.12 0.48 1,02
Syagrus flexuoas 1 2.4 1.67 0,0129 0.42 0.1 2 0,48 1.02
Pouteria ramiflora 1 2.4 1.87 0,0124 0.42 0.12 0,48
*"
1,01
Annona coriscss 1 2.4 1.67 0,0084 0,42 0,08 0,48 0.97
Mimosa clauesemi 1 2.4 1.87 0,0043 0,42 0.04 0.48 0.94
floupala montane 1 2.4 1,67 0,0043 0,42 0,04 0.48 0,94
Erythroxylum dectduum 1 2.4 1.67 0,0032 0,42 0.03 0.48 0,93
Byrsonima coccolobifolia 1 2,4 1.67 0,0016 0.42 0.01 0.48 0,91
Noia; 25 lamiMaa, 33 genaia and 42 tpaotaa ptaaani . Tan familtaa aooount o« S9% ol the apaoM ■ : loyumino»ae (7). Eiythi oxylaoaaa (31
Malpightaoaae (31, Voohyaiaoeae (31. Annon*u*«« (21, Qtgnontaoaaa (2). Melastomalaooas (2), Paknaa (2) and Sapotaceaa (2). Eight 0«naia.
dyraonxna (31, Erythroxykjm (3), Quakes (3). Mtconia (2), Piplocsrpha (2), Pouloris (21, /ababuia (2) and Sysgrua (21, hava moio than ono
•pacta#.
Tabis 22 - Phytoaocioloqlcad parameters - umpli site CERRADO CAPAO COMPRJPO
no. of points - 60 density - 81 1.38ind./hs average point-plant distance ~ 3.61 1m
no. of ind. - 240 basal area - 12.682m2/ha circ. > » 5cm
Shannon - Wiener H* » 3.22, evenness - 0.80
abs. abs. abs. rel. rel. rel.
species n
dens. freq. dom. dens. dom. freq.
1 V 1
QuaJea grandiflora 62 176.80 66.00 5.6161 21.67 43.49 17,37 82,62
Quaiea parviflora 16 60,70 21,87 1,386 8,26 10,92 6.84 24,01
Kielmeyera coriacea 28 94,70 28.87 0,0967 1 1,67 0,78 8.42 20.86
Eriotheca pubescens 13 43.90 18.33 0.8366 6.42 8,69 5,79 17,79
Syegrus flexuoss 16 60,70 20.00 0,336 6,26 2.66 8,32 16,21
Tabebuia ochracea 10 33,80 15,00 0,2672 4.17 2.1 1 4,74 1 1,01
Pseudobombax longiflorum 8 27.00 1 1,87 0.3306 3,33 2.81 3,88 9.82
Quaiea glauca 4 13,60 6.00 0,861 1.87 6.13 1.68 8,38
Strychnos peeudoquina 3 10,10 6,00 0,5332 1.26 4,20 1,68 7,03
Daibergia miscoiobium 6 16,90 8.67 0.3084 2,08 2.43 2.1 1 8,82
Acosmium daaycarpum 6 16,90 8,33 0.092 2,08 0,73 2,83 6,44
Piptocarpha rotundifolia 6 16.90 8.33 0,0197 2.08 0.18 2.83 4,87
Guapira noxia 4 13.60 8.87 0,1016 1.87 0.80 2.1 1 4.67
Connerus suberosus var. fuivus 4 13.60 8.67 0,0168 1,87 0,12 2.1 1 3,90
Platypodium elegans 2 8.80 1.87 0,2716 0,83 2,14 0,63 3,60
Roupala montane 3 10.10 6.00 0,0747 1.26 0,69 1,58 3.42
Lafoensia pacari 3 10.10 6,00 0.0639 1,26 0.60 1,68 3,33
Tarminaiia fagifolia 4 13.60 3.33 0,0708 1.87 0.66 1.06 3,28
Macheenum acutifoiium 4 13.60 6,00 0.0031 1.87 0.02 1,68 3,27
Plathymema reticulata 2 8.80 3.33 0.1 708 0.83 1.36 1,06 3.23
Copaifera langsdorffii 2 3.80 3.33 0,1332 0,83 1.06 1,06 2.94
Matayba guianensis 3 10.10 6.00 0.0031 1.25 0.02 1,68 2,86
Guettarda viburnioides 3 10,10 6,00 0.0022 1.26 0.02 1,58 2.86
Luehea paruculata 2 8.80 3.33 0.1 106 0.83 0.87 1.06 2,78
Aspidoaperma tomentosum 3 10.10 3.33 0.0118 1.26 0.09 1.06 2.40
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Table 22 ■ PhytosoclolOQlcal pamnton - sample site CERHADO CAPAO CQMPftJDO - (cont.)
abs. abs. abs. rel. rel. rel.
1 V 1species n
dens. freq. dom. dens. dom. freq.
Macheerium opacum 3 10.10 3.33 0.0096 1.26 0,08 1,06 2,38
Didymopanax macrocarpum 2 8.80 3.33 0.0663 0.83 0,44 1,06 2,33
T abeDuia euro a . 3 10,10 3,33 0.0028 1.26 0,02 1.06 2,32
Butia leiospatha 2 8,80 1.87 0.1 176 0.83 0.93 0.63 2,29
Entorolobium gummiforum 1 3.40 1,87 0,1837 0.42 1,29 0.63 2,23
Qualoa multiflora 1 3.40 1.87 0,1633 0.42 1.21 0.63 2.16
Oiospyroa burchellii 6.80 3.33 0.0272 0.83 0.21 1.06 2,10
Pseudobombax tomentoaum 8.80 3.33 0.0212 0.83 0.1 7 1,06 2,06
Alibertia edulis 1 3.40 1.87 0,106 0.42 0.83 0.63 1.77
Scierolobium aureum 1 3.40 1.87 0.0921 0.42 0.73 0.63 1.87
Bowdichia virgilioides 1 3.40 1.87 0,0814 0.42 0.84 0,63 1,68
Lithraea molleoidea 1 3,40 1.87 0,077 0.42 0,81 0.63 1,66
Leg (319-2) 1 3.40 1.87 0.0713 0.42 0,66 0.63 1.61
Styrax ferruginous 1 3.40 1.87 0.062 0.42 0,49 0.63 1.43
Annona crassiflora 1 3,40 1.87 0,0607 0.42 0,48 0.63 1.42
Myrcia rostrata 1 3.40 1.67 0.0694 0.42 0.47 0,63 1.4 1
Pouteria ramiflora 1 3.40 1.87 0,0689 0.42 0.46 0,63 1,39
Erythroxylum daphmtes 1 3.40 1.67 0.0168 0,42 0.13 0,63 1,08
Banisteriopsis pubipetala 1 3.40 1.67 0,0108 0.42 0.08 0.63 1.03
Mimosa claueaemi 1 3.40 1.87 0,0108 0.42 0.08 0.63 1,03
Myrcia tomentosa 1 3.40 1.87 0,0067 0,42 0,04 0.63 0.99
Aegiphtla sellowiana 1 3.40 1.87 0.0063 0.42 0.04 0.63 0,98
Auetropienkia popuinea 1 3.40 1.87 0.0039 0.42 0.03 0,63 0*97
Didymopanax morototom 1 3,40 1.87 0,003 0.42 0.02 0.63 0,97
Blapharocalyx saiicifolius 1 3.40 1.87 0.0022 0.42 0,02 0,63 0.96
Salscia crassifolia 1 3,40 1.87 0.0007 0.42 0,01 0,63 0.86
Zeyheria montane 1 3.40 1.87 0,0007 0.42 0.01 0.63 0,96
Hymenaea stigonocarpa 1 3.40 1.87 0.0007 0.42 0,01 0.63 0,96
Andira paniculata 1 3,40 1,87 0.0007 0.42 0,01 0,53 0,96
Noes thoifera 1 3.40 1.87 0.0007 0.42 0.01 0.63 0.96
Note: 31 ImdiImi. 46 ganaia and 65 ipioai piaaant. Six fimiUi aooount loi 54.5% ol lha ipaowi: Lagummoaa* (14). Voohyaiaoaaa (4),
Bignontaoaaa O). Bombaoaoaaa (3). Mynaoaaa (3), and Rubnoaaa (3). Six ganaia. Qua/as (41. trylhroKylum (2). Mmchmanum (2). Myrcim (2),
Paoudobombm* (2) and Tabebuia(2) hay# mora lhan ona ipaonn.
Table 23 - Phytoaoclologlcal parameters • aam pia aita BABWAGEM
no. o/points - 100 donsity - 1 a7Q.97ind./hs avor. point-plant dist. - 2.442m
no. of ind. - 400 basal area - I6.728m2/ha circ. > - 6cm















Quaies parvifiora 32 134,20 23.00 2,81 8.00 16.83 6,66 31,18
Veilozia flavicans 22 92,20 18,00 1,46 6,60 9.21 6,13 19,84
Qualea grandiflora 21 88.00 18,00 1,49 6.26 9.46 5,13 19.84
Caasia clausserui 26 109,00 22,00 1.07 6,60 8,78 8,27 19.66
Kielmoyera coriacea 34 142.60 26,00 0,26 8,60 1,58 7.12 17,20
Ouratea hex saporma 27 1 13.20 24.00 0,46 6,76 2,86 8.84 16.43
Mimosa clausserui 16 82.90 16,00 0.68 3,76 3.68 4.27 1 1,88
Eriotheca puboacena 10 4 1,90 8.00 1.01 2,50 6.46 2,28 11.23
Butia leiospatha 10 41.90 10,00 0,81 2,60 6.14 2.86 10,49
Caryocar brasiiionso 12 60,30 1 1,00 0,62 3,00 3,32 3,13 9,48
Roupaia montana 14 68,70 1 1,00 0,10 3,60 0,66 3.13 7,29
Didymopanax macrocarpum 7 29,30 7,00 0.51 1.76 3,24 1,99 8.99
Annona crsasiflora 8 33,60 8.00 0.4 1 2.00 2.60 2.28 8,88
Salacia crsssifolia 1 1 46,10 1 1,00 0,14 2.76 0,87 3.13 8,76
Scieroiobium pamculatum var. subvelutinum 5 21,00 6,00 0.80 1.26 3.84 1.42 8.62
Aapidosperma tomentoaum 9 37,70 9,00 0,18 2,26 1.14 2,66 6.9 8
Pouteria torta 7 29,30 7,00 0.28 1.76 1.78 1.99 6,62
Erythroxylum tortuosum 7 29.30 7.00 0.12 1.76 0.76 1.99 4,49
Dimorphandra mollis 4 18,80 4.00 0.36 1.00 2.24 1.14 4,38
Dalbergia miscoiobium 8 26.20 8.00 0. 16 1,60 1.02 1.71 4,23
Syegrus comosa 6 21.00 4.00 0.27 1.26 1.71 1.14 4,10
Connerus euberosus var. fulvus 8 26.20 8.00 0.04 1.60 0.28 1.71 3,49
Byrsorwma verbescifolia 6 21,00 5.00 0,13 1.26 0.80 1.42 3,47
Eromanthus glomerulalus 8 26.20 6.00 0.08 1.60 0.63 1.42 3.46
Lafoeneia paean 8 26.20 6.00 0.03 1.60 0,18 1.71 3.38
Davilla elliptic* 4 16.80 2.00 0.28 1.00 1.76 0.67 3,32
Piptocarpha rotundifoiia 6 21,00 3.00 0.16 1.26 0.99 0.86 3,09
Macheerium opacum 4 16.80 3.00 0.18 1,00 1.16 0.86 3.01
Styrax ferruginous 4 18,80 4.00 0.1 1 1.00 0.08 1.14 2,82
Byrsomma coccoiobifolia 3 12,80 3.00 0.1 1 0,76 0.72 0.86 2.33
Erythroxylum suberosum 4 16.80 4.00 0.02 1.00 0.16 1.14 2.29
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Brosimum gaudichaudii 4 18,80 4.00 0.01 1,00 0,04 1.14 2,18
Enterolobium gummiferum 3 12,80 3.00 0.08 0.76 0.40 0.86 2.09
Pouteria ramiflora 3 12,00 3.00 0.08 0,76 0.48 0.86 2.09
Stryphnodendron adstringen® 2 8,40 2.00 0.16 0.60 0.98 0.57 2.06
Stryehnoa pseudoqurna 2 8.40 2.00 0. 14 0.60 0.88 0.57 1.93
Diospyro® burchellii 3 1 2.00 2.00 0.00 0.76 0,39 0.57 1.71
Austroplenkia populnea 2 8.40 2.00 0.10 0.60 0.02 0.67 1.00
Protium ovatum 3 12.00 3.00 0.00 0.76 0.02 0.86 1.02
Symploco® rhamnifolia 2 8.40 2.00 0.09 0.60 0.64 0.67 1.01
Tabebuia aurea 2 9.40 1.00 0.10 0,60 0.62 0.28 1.40
Acosmium dasycarpum 2 8.40 2.00 0.06 0.60 0,33 0.57 1.40
Psidium eustrale 2 8.40 2,00 0.06 0.60 0.31 0.67 1.38
Hymenaea stigonocarpa var. pubeacens 3 1 2.60 2.00 0.01 0,75 0.04 0.67 1.30
Ceseana sylvestris 3 1 2.00 2.00 0.01 0.76 0,03 0.67 1.36
Tocoyena formoaa 2 8.40 2.00 0.01 0.50 0.07 0.57 1.14
Erythroxylum englerii 2 8.40 2,00 0.00 0.60 0.02 0,67 1,09
Neea theifera 2 8.40 2.00 0.00 0.60 0.02 0.57 1,09
Tabebuta ochracea 2 8.40 2.00 0,00 0.50 0,02 0.67 1,09
Anacardium humile 2 8.40 2.00 0.00 0,50 0,01 0.67 1.08
Heteropteris byrsonimif olia 1 4.20 1.00 0.00 0.26 0,39 0.28 0.93
Hancornia pubescen® 1 4.20 1.00 0,00 0.26 0,39 0.28 0.03
Plathymenia reticulata 1 4.20 1.00 0.04 0,26 0.26 0.28 *.79
Sclerolobium aureum 1 4.20 1.00 0,04 0.26 0,23 0.28 0.77
Vochyaia elliptica 1 4.20 1.00 0.04 0.25 0.22 0.28 0.70
Byrsonima craasa 1 4.20 1,00 0.03 0.26 0,19 0.28 0.73
Schefflera morototom 1 4.20 1.00 0,01 0.26 0.09 0.28 0,02
Cybianthus detergena 1 4.20 1.00 0.01 0,25 0.08 0.28 0.00
Eremanthua goyazensi® 1 4.20 1,00 0.01 0.26 0.06 0,28 0.69
Paidium myrainoides 1 4.20 1.00 0,00 0,26 0.02 0.28 0.56
Miconia albicana 1 4.20 1.00 0.00 0,26 0.02 0,28 0,66
Machaerium acutifolium 1 4.20 1,00 0.00 0,26 0.01 0.28 0.56
Baniateriopaia argyrophylla 1 4.20 1,00 0.00 0,26 0.01 0.28 0.54
Hyptis aaxatilis 1 4.20 1.00 0.00 0,25 0,01 0.28 0.64
Zeyheria montana 1 4,20 1,00 0.00 0.26 0.01 0,28 0.64
Not®: 38 familiea, 55 g«n«r® and 05 tpaoi®® pr®»ent. Six families eooount tof 49% of th® *p«oi®«: Lsguminota® (13), Ma^jighiaosa® (5),
Bignoniaoea® (3), Composite® (3), Efythroxylac®®® (3) and Vochysieoeae (3). Six genera, Qyrsonim® (3), Erythioxylum (3), Eremanthue (2),
Pouteria (2). Qualoa (2) and Tahahui® (21, hav® mom than on® •paaiaa.
Tabfa 24 - Phytosodofoqlcal parameter® - sample aft® CERRADO TORTINHO
no. of points - 100 density - 563.i81 ind ./ha aver, point-plant dist. - 4.21 2m
no. of ind. =» 400 basal area - 7. 1 60m2/ha circ. > - 5cm
Shannon - Weaner H' » 3.40, evenneaa =■ 0.80
aba. aba. aba. rel. rel. rel.
specie® n
dens. freq. dom. dens. dom. frea.
1 V 1
Sclerolobium paniculatum var. subvelutinum 39 65 20 1.384 1 9.76 19,30 7.0 30,71
Qualea parviflora 24 33.8 19 1.1226 8 16.7 5.60 27,20
Caryocar braailiense 20 28.2 19 0,6741 5 8.03 5,50 18.69
Styrax ferruginous 27 38 20 0.380 0.76 5.4 5.86 18
Miconia liguatroides 26 36.2 21 0.1736 0.26 2.43 8.14 14.82
Kielmeyera coriacea 22 31 20 0.2097 6.6 2,93 5,86 14.28
Miconia pohliana 1 7 24 14 0.3170 4,26 4,44 4.09 12,79
Byraonima coccolobifolia 17 24 15 0. 1910 4.26 2.08 4.39 11.32
Erythroxylum auberoaum 21 29.0 18 0,0672 6,26 0.8 6.20 11.31
Roupala montana 22 31 10 0,027 6,6 0,38 4.08 10.60
Vochyaia thyrsoidea 4 5,0 4 0,5073 1 7,93 1.17 10,1
Byrsonima verbascifolia 12 10.9 12 0,1617 3 2.12 3.61 8.83
Qualea multiflora 7 9.9 7 0.3333 1.76 4.00 2.06 8.40
Oalbergia miacolobium 1 1 16,5 10 0,1438 2.76 2.01 2.92 7,09
Vellozia flavicana 9 11.3 7 0.2097 2 2.93 2.06 0,98
Eremanthus glomerulatus 1 1 16,6 1 1 0.0437 2.76 0.01 3.22 8.68
Pouteria ramiflora 6 7 5 0.194 1 1.26 2.71 1,40 5.43
Connarua auberosus 9 12.7 8 0,038 2.26 0,63 2.34 5.12
Ouratea hex asperma 9 12.7 8 0.0373 2.26 0.62 2.34 5.1 1
Qualea grandiflora 5 7 5 0.1608 1.26 2.19 1,40 4,91
Austroplenkia populnea 7 9.9 7 0,0603 1,75 0.79 2,06 4.68
Blepharocalyx aalicifoliua 2 2.8 2 0,2291 0.5 3.2 0,68 4.29
Vochysia elliptica 5 7 5 0,078 1.25 1,09 1.40 3.8
Aapidoaperma tomentoaum 7 9.9 0 0,0094 1.75 0.13 1.76 3.64
Stryphnodendron adatringena 6 7 5 0.000 1.25 0.92 1.40 3.03
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Mimosa claussenii 0 8.6 6 0.0230 1.5 0.33 1.40 3.29
Acosmium dasycarpum 6 7 4 0.0083 1.26 0.12 1.17 2.54
Oiospyroa burchellii 4 5.0 4 0,0033 1 0.06 1.17 2.22
Psidium myrainoides 4 5.0 4 0.002 1 0.03 1.17 2.2
Saiacia crassifolia 4 5.0 3 0.0190 1 0.27 0.88 2.15
Symplocoa lanceolata 2 2.8 2 0.072 0.5 1.01 0.58 2.09
Syagrue comoaa 2 2.8 2 0.0040 0.6 0.9 0.68 1.99
Tocoyena formosa 3 4.2 3 0.0012 0.76 0.02 0.88 1.04
Pouteria torta 3 4.2 2 0.0142 0.76 0.2 0,68 1,53
Micoma ap. 10 2 2.8 2 0.013 0.6 0.18 0.58 1.27
Pterodon pubescens 1 1.4 1 0.0603 0.26 0.7 0.29 1.26
Butia leiospatha 1 1 .4 1 0,0431 0,26 0.0 0.29 1,16
Didymopanax macrocarpum 2.8 1 0.0031 0.6 0.04 0.29 0.84
Eriotheca pubeacena 1 1.4 1 0.0207 0.26 0,29 0.29 0.83
Miconia sp. 1 1 1 1 .4 1 0.0198 0.26 0.28 0.29 0.82
Baniateriopais ap.3 2.8 1 0.0009 0.5 0.01 0,29 0,81
Clethra acabra 2.8 1 0.0000 0.6 0,01 0,29 0.8
Miconia rubiginoaa 1 1.4 1 0.007 0.26 0.1 0.29 0,04
Eremanthua goyazenais 1 1.4 1 0.0006 0.26 0.09 0.29 0.03
Enterolobium gummtferum 1 1.4 1 0,0046 0.26 0.00 0 29 0.01
Erythroxylum campeatre 1 1.4 1 0,0031 0,26 0.04 0.29 0.69
Erythroxylum tortuoaum 1 1.4 1 0,0029 0.26 0,04 0.29 ff.50
Xylopia aromatica 1 1.4 1 0.0027 0,26 0.04 0,29 0,58
Bamateriopsis schizoptera 1 1.4 1 0,0014 0.26 0.02 0.29 0.60
Miconia albicans 1 1.4 1 0,001 0.26 0,01 0.29 0,60
Miconia burchellii 1 1.4 1 0.0008 0.25 0.01 0.29 0.56
Psidium warmingianum 1 1.4 1 0.0000 0.26 0.01 0.29 0.66
Davilla ellipttca 1 1.4 1 0,0000 0.26 0.01 0.29 0,56
Siphorveugena denaiflora 1 1.4 1 0.0004 0.26 0.01 0.29 0,66
Neea thetfera 1 1.4 1 0.0003 0.26 0 0,29 0.66
Protium ovatum 1 1.4 1 0.0003 0.26 0 0.29 0,56
Note: 31 famHiea. 42 ganara «"d ^0 tpaoxta pteaant. Six familiea aooount for 02.5% of the «pao»ea: laguminoaae (91, MaUatomataoaaa (7).
Myrtaoeaa (0). Mstoiqhuioeaa (51. Vochytuioaaa (51 and Erythroxylaneae (3). Eight ganara, Mfconia (7), Erythrouyium (31, Qua/a* (31,
Banialarktpaia (21, Byraonima (2). Eramanihua (21, Poulttria (?) and Vochyata (2), hava mora than ona apaoiea.
TabJ* 26 - Ptrytoeoclological paramafait - i«mp(» site CERRADO TORRE
no. of points - 30 density - 6,030 ind./ha aver, point-plant diet. « 1.33m
no. of ind. ■* 120 baaal area - 8.582m2/he circ. > - 5cm















Ouratea hexasperma 14 060,9 30 1.0254 1 1.07 18.98 9.74 39.39
Eremanthua glomeruletus 8 376.4 20 0.9047 0,07 10,67 5.83 23.00
Roupala montana 10 409.2 33,33 0.2649 8,33 2.98 9,71 21.02
Connarus auberoaua ver. fulvua 6 234.0 10.07 0.9014 4.17 1 1.40 4.86 20.48
Saiacia crassifolia 7 328.6 20 0.5129 5,83 6.99 6,83 17,06
Caryocar braailienae 0 281.6 10,07 0.4900 6 6.73 4.86 16,58
Vellozia flavicans 5 234.0 13.33 0,5010 4.17 8.60 3,88 14.01
Machaerium opacum 7 328.6 23.33 0.148 6,83 1.73 3.8 14.30
Kielmeyera coriacea 7 328.6 10.07 0.293 5.83 3.42 4.86 14.11
Pouteria torta 0 281.5 13.33 0.2608 6 2.93 3.08 11,81
Aspidosperma tomentosum 6 234.0 10.07 0.234 4.17 2.73 4.86 1 1.75
Qualea parviflora 5 234.0 13.33 0.2287 4.17 2.67 3.88 10.72
Auatroplenkia populnea 4 187.7 13.33 0.1808 3,33 2,18 3.88 9.4
Neea thetfera 4 187,7 13.33 0.0894 3.33 1.04 3.88 8.20
Erythroxylum suberosum 3 140.8 10 0.1983 2.6 2.32 2,91 7.73
Sclerolobium paniculatum var. subvelutinum 2 93.8 0.07 0.2949 1,07 3,44 1.94 7,06
Palicourea rigida 2 93.8 0.07 0.1861 1.07 2.18 1.94 5.77
Daibergia miscolobium 2 93.8 0.07 0.1088 1,07 1.97 1.94 6.60
Enterolobium ellipticum 2 93.8 0.07 0.1289 1.07 1.61 1.94 6.1 1
Oiospyros burchellii 2 93.8 0.07 0.0082 1.07 0.8 1.94 4.4
Erythroxylum tortuosum 2 93.8 3.33 0.1416 1.07 1.05 0.97 4.29
Erythroxylum deciduum 2 93.8 0.07 0.0400 1.07 0.54 1.94 4,16
Lafoenaia pacari 2 93.8 3.33 0.1 199 1.87 1.4 0.97 4,04
Byrsonima verbaacifolia 2 93.8 0.07 0.0247 1.87 0.29 1.94 3.9
Qualea grandiflora 1 40.9 3.33 0.1496 0.83 1.76 0.97 3.56
121
Cerrado "sensu stncto" - phytosociological parameters















Acosmium dasycarpum 1 46,9 3,33 0,121 0,83 1.41 0,97 3,22
Mimosa daussemi 1 46.9 3,33 0,1016 0,83 1.19 0,97 2,99
Aegiphtfa seilowiana 1 46.9 3,33 0,0301 0,83 0,36 0,97 2.16
Byrsomma coccolobifolie 1 46.9 3,33 0,0113 0,83 0.13 0,97 1,94
Heteroptaris cf. procoriacea 1 46.9 3,33 0,0093 0,83 0,11 0.97 1.91
Note: 2? lemrtiea, 25 genera end 30 rpeoei preaent. fotit lamihea annnunt lot 30% ol the apeotee: lagummorae (3). Mafcigh
Ervlhroxyleoeee (3) and Voohyaieoeee (2). Ihtee genera, frythtovyhtm (3). Quetea (3) and Byraonma (31, have mote than one apeoiea.
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Table 26 • Phytoaocioloqical parameters - sample tite TRES BURACOS 1
no. of points * 80 density => 367 7,36ind./ha aver, point-plant dist. -■ 1.872m
no. of ind. » 240 basal area = 8.214m2/ha circ. > - 5cm















Erythroxylum tuberosum 4 1 811,10 60,00 1.09 17,08 13,28 16,31 45,06
Vellozia flavicans 12 178.90 20,00 2.14 6,00 28,01 8.12 37,13
Connarus tuberosum var. fulvus 28 387,50 31,87 0,64 10,83 8,58 9,69 27.08
Cassia orbiculata 10 149.10 13,33 1.13 4.17 13,71 4,08 21,90
Eremanthus glomerulatus 19 283.20 21,67 0,36 7,92 4.40 8,83 18.94
Kieimeyera coriacea 14 208.70 18,87 0.80 5,83 7.32 5,10 18.26
Byrsonima verbascifolia 1 3 193,80 18.33 0.39 6.42 4.70 5.81 16,73
Neea theifera 12 1 78,90 18,33 0,18 5,00 2,21 6,81 12,82
Mimosa claussenii 8 1 19,20 8.33 0.47 3,33 6,88 2,56 1 1,50
Aspidosperma tomentoaum 9 134,20 16.00 0,08 3,76 0,97 4.69 9,31
Salacia crassifoiia 9 134,20 13,33 0.10 3,76 1.18 4.08 9,01
Roupala montana 8 119,20 10,00 0,14 3,33 1.73 3,00 8,13
Davilla elliptica 7 104,30 10,00 0.18 2,92 2.13 3,08- 8.1 1
Tabebuia ochracea 7 104,30 10,00 0,06 2,92 0,08 3,00 8,83
Tocoyena formosa 6 74,60 8,33 0,09 2,08 1,08 2,66 5.72
Erythroxylum tortuosum 4 69.60 8,87 0,09 1.87 1.13 2,04 4.84
Erythroxylum deciduum 4 69,60 8,87 0,00 1.87 0,76 2,04 4.46
Zeyhena montana 4 59,60 8,67 0,02 1.87 0,24 2,04 3,96
Brosimum geudichaudii 4 59,60 6.00 0,02 1.87 0,26 1,53 3,46
Acosmium daayctrpum 3 44.70 5.00 0,03 1.26 0,37 1.53 3,16
Butia leiospatha 2 29.80 1.67 0,14 0,83 1.71 0.61 3,00
Oiospyros burchellii 3 44,70 3,33 0,06 1.26 0,60 1,02 2,83
Eremanthus goyszensis 2 29.80 3,33 0,06 0,83 0,81 1.02 2.47
Pouteria torta 2 29.80 3,33 0,02 0,83 0,29 1.02 2.14
8yrsonima coccolobifolia 2 29.80 3,33 0,02 0,83 0,27 1.02 2.13
Qualea multiflora 1 14,90 1,87 0,08 0.42 0,94 0,51 1.87
Symplocos rhamnifolia 1 14.90 1.87 0,04 0.42 0.47 0,61 1,39
Ouratea hexasperma 1 14.90 1,87 0,02 0,42 0,23 0.61 1.16
Palicourea rigida 1 14.90 1.87 0,01 0.42 0.17 0,61 1.10
Dalbergia miscolobium 1 14.90 1.87 0,01 0.42 0,14 0,61 1.07
Eriotheca pubescent 1 14.90 1.87 0,01 0,42 0,10 0,61 1,03
Psidium w armingianum 1 14.90 1.87 0,01 0.42 0,08 0,61 0,99
Bauhinia rufa 1 14.90 1.87 0,00 0,42 0,04 0,51 0,90
Sabicea brasiliensis 1 14,90 1.67 0,00 0,42 0,04 0,61 0,90
Tabebuia turea 1 14.90 1.67 0,00 0,42 0,04 0,61 0,90
Nora: 75 lamUiaa. 33 gnnxio end 35 >p*owi p»*»iint. fnui Inmilm* aooounl lor 40% ol the spaoiaa: L»guoi«no«i# (51, Bignoniaoeae (31,
FrylhioKyUcaaa (3) and Itiihiannaa (31. Ihiaa gxnxta, fiyihroKyhim I3J, f)yr*on*n» (71 and (rmmmnthua (2). Sava moia than ont apaoiaa.
Table 27 - Phytosodofoflicaj perameters - sample alte TRES BURACOS 2
no. of points * 60 density » 990.32ind./ha aver, point-plant dist. - 3.178m
no. of ind. " 240 basal area «= 8.82Bm2/ha circ. > ~ 5cm
Shannon - Wiener H' - 2.13. evenness - 0.86
abs. abs. abs. rel. rel. rel.
1 V 1species n
dens. freq. dom. dens. dom. freq.
Vellozia flsvicans 121 499,30 80.00 7.30 60.42 82.71 30,19 183,31
Erythroxylum suberosum 18 74.30 28,33 0,14 7,50 1,58 10,09 19,77
Cassia orbiculata 10 4 1,30 16,00 0,61 4.17 5,82 6,68 16,66
Kieimeyera coriacea 13 53,80 20,00 0,00 6.42 0.73 7,56 13,70
Tabebuia ochracea 8 33.00 13,33 0,23 3,33 2.67 6,03 10,93
Aspidosperma tomentosum 1 1 46.40 16,00 0,02 4,58 0.21 5,60 10,48
Pslicourea rigida 0 24.80 10,00 0.04 2.60 0.42 3.77 0.70
Davilla elliptica 0 24.80 10,00 0,04 2,60 0.40 3.77 8,07
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Eugenia bimarginata 0 24.80 10.00 0.02 2.60 0,22 3.77 8.49
Butia leiospatha 3 1 2.40 5.00 0.24 1.26 2.76 1.89 5,89
Eremanthus glomerulaUrs 5 20.00 0.07 0.02 2.08 0.17 2.52 4.77
Stryphnodendron adalfingona 5 20.00 6.00 0.00 2.08 0.03 1,89 4.00
Tocoyana formoaa 4 1 6.50 0.07 0.02 1.07 0.18 2.52 4.30
Erythroxylum tortuosum 3 1 2.40 5.00 0,03 1.26 0.30 1.99 3.50
Byrsonima verbascifoiia 3 1 2.40 5.00 0,02 1.26 0.10 1,89 3,32
Oalbergia miscolobium 3 1 2.40 5,00 0.02 1.26 0,18 1,89 3.32
T abebuia sure a 3 1 2.40 5.00 0.01 1.26 0.13 1.89 3,27
Enterolobium gummiferum 2 8.30 3.33 0.02 0.83 0.19 1.20 2.28
Neea theifera 2 8,30 3,33 0.00 0,83 0.06 1,28 2.14
Indet 27 (630-1) 1 4.10 1.07 0,02 0.42 0,18 0.03 1.23
Solanum crinitum 1 4,10 1.07 0.01 0,42 0.08 0.83 1.13
Ouratea hexasperma 1 4.10 1.87 0.01 0,42 0.07 0,03 1.12
Eremanthus goyajensis 1 4,10 1.87 0.01 0.42 0,08 0.03 1.10
Pouteria ramiflora 1 4,10 1.87 0,00 0.42 0.04 0.03 1,09
Eriotheca pubeacens 1 4. 10 1.87 0,00 0.42 0,03 0.6« 1.08
Psidium myrsinoides 1 4.10 1.87 0,00 0.42 0.02 0.03 1.00
Safacia crassifolia 1 4.10 1.87 0.00 0.42 0.01 0.83 1.00
Note: 21 lamHiea. 24 genais end 27 •oeoma piMitnl. Six (amiliee nooount loi 59% of (he apaowe: Leguminoeaa (4). Bignoniaoeaa (2),
EryihioxyUoeaa (71. M**».ghu»o*«e (71, Myrtaoeae (71 and Hubiaoaaa (21. Thiee geneia. Eremanthua. Erythroxylum and Tababuia. have (wo
ipnowi, aM other* aie represented by a •mgln ipanwi.
Table 28 - Phy tosodoloqical parameter* - temple site RAPVELL
no. of points » 20 density = 3 768.68ind./h« aver. point-plant dist. » 1.929m
no. of ind. =■ 80 basal area = 8.196m2/he circ. > - 5cm















Roupala montana 23 1083.60 70,00 1,36 28,76 21.72 29.79 80.20
Myraine guianensis 32 1607.40 56.00 0.73 40.00 1 1,78 23.40 76.18
Vellozia flavicane 5 235.50 26.00 1.01 8.26 26.94 10.84 42.83
Erythroxylum tortuosum 7 329.80 30.00 0,82 8,75 10,04 12.77 31.50
Butia leioapatha 1 47.10 5,00 1.24 1.26 20.00 2.13 23.38
Connarus suberosus var. fuivus 6 235.50 16.00 0.36 0,26 6,69 0.38 18,23
Diospyros burchellii 2 94,20 10,00 0,06 2.60 0.88 4.28 7,03
Tabebuia ochracea 2 94.20 10,00 0,03 2.50 0.54 4.20 7,29
Vochysia elliptica 1 47.10 5,00 0,12 1.26 1,90 2.13 5,34
Styrax ferruginous 1 47,10 5,00 0.00 1.26 0,96 2.13 4.32
Salacia crassifolia 1 47.10 5.00 0.04 1.26 0,00 2,13 3.98
Note: 1 1 lamiliea, 1 1 genera and 1 1 ipacmi present.
124
Corrado scrub with emergents - Phytosociological parameters
Table 29 - Phy tosocloloqlcal parannUfi - sample site VOCHYSIA 1
no. of points = 60 density =■ 4798.39ind./hs
no. of ind. - 240 basal ares - 29.087m2/ha
Shannon - Wiener H' * 2.90. evenness = 0.82
aver, point-plant dist
















Veflozia flavicans 46 910,00 66.17 7.47 18.97 25.88 18.58 81,23
Mimosa clausaenn 1 7 361,60 24.14 12.08 7.33 41.49 7.26 68.07
Qualea parviflora 21 413,70 22.41 3.74 8.82 12,86 8.74 28.21
Banistertopsia latifolia 25 475.70 32.78 0.33 9.91 1.12 9,84 20.88
Syagrus comosa 10 206,80 1 7,24 2.07 4,31 7.12 5.18 18.81
Myrsine guianensis 21 413.70 24.14 0.18 8,62 0.82 7.26 18,49
Cassia orbicufata 10 206.80 1 7,24 1.31 4,31 4.50 5,18 13.99
Roupala montana 14 289.60 22.4 1 0.33 8.03 1,14 8.74 13,91
Dioapyros burchellii 13 268.90 17,24 0.36 5.80 1.20 5,18 1 1.99
Ouratea hexasperma 12 248.20 18.97 0.26 5.17 0.86 6,70 1 1,73
Vochysia elliptic a 8 186.50 13,79 0.33 3.46 1.16 4.16 8.74
Acosmium dasycarpum 8 186.60 12.07 0.16 3.46 0,62 3.83 7,80
Byrsonima coccolobifolia 6 103.40 8.82 0,04 2.16 0.13 2,59 4.87
Erythroxylum suberosum 5 103.40 8,90 0.16 2.16 0,60 2.07 4.73
Byrsonima crsssa 3 82.00 5.17 0,08 1.29 0,20 1,55 3,06
Tocoyena formosa 3 32.00 5.17 0,06 1,29 0,18 1,56 4.00
Neea theifera 3 82.00 5.17 0,03 1,29 0,12 1,56 2.97
Caryocar brasiliense 2 4 1.40 3.46 0,03 0.88 0.10 1.04 1.99
Pouteria ramiflora 1 20.70 1.72 0.03 0.43 0,10 0,62 1,04
Kielmeyera coriacea 1 20.70 1.72 0,02 0.43 0.08 0.52 1.03
Psidium myrsinoides 1 20,70 1.72 0.02 0,43 0,07 0,62 1,02
Guapira noxia 1 20.70 1.72 0.02 0.43 0.07 0.62 1.02
Hymenaea stigonocarpa var. pubescens 1 20,70 1.72 0.01 0.43 0.04 0,52 0.99
Eremanthus glomerulatus 1 20.70 1.72 0.01 0.43 0.04 0.62 0,99
Schefflera macrocarpum 1 20,70 1.72 0,01 0.43 0,04 0,62 0,99
Tabebuia ochracea 1 20.70 1.72 0.01 0,43 0.03 0.52 0.98
Psidium warmtngianum 1 20,70 1.72 0.01 0.43 0.03 0,62 0.98
Salacia craasifolia 1 20,70 1.72 0.01 0.43 0.02 0.62 0,97
Connarua suberosus var. fulvus 1 20.70 1.72 0.01 0.43 0,02 0.62 0.97
Stryphnodendron adstringens 1 20.70 1.72 0.00 0.43 0.01 0.62 0,96
Note:23 l»m.liet, ?9 geneia end 30 speoies present. I v»o f*m.«es nooounl lor 27** ol the ipioioi: l»gummo«M (SI and Mafcighieoea# (3). Two
genera, Byraonima and Batfirtjm have two speoies. aH other* are represented by a tingle tpeciet.
Table 30 - Phytosociologlcal pammtUti - sample site VOCHYSIA 2
no. of points - 30
no. of ind. - 1 20
Shannon - Wiener H' =» 2.7 1. evenness =
density - 6259.06ind./ha
basal area * 14.702m2/ha
0.83
aver, point-plant dist. - 1.264m















Vellozia flavicana 16 368.10 36.48 4,48 13.71 30.30 12,22 58.23
Psidium myrsinoides 18 968.10 32,26 1.87 13.71 1 1,38 11,11 38.20
Myrsine guianensis 23 1281.90 32.28 0.45 20,18 3,08 1 1.11 34.34
Vochysia thyrsoidea 2 101.00 8.46 3,54 1.81 24,09 2,22 27,92
Roupala montana 13 866,20 32,26 0.36 10.48 2.41 11,11 24,00
Couepia grandiflora 8 302.90 18.13 0.26 4.84 1.88 5,58 12.08
Miconia albicans 2 101.00 8.46 1.19 1.81 8,07 2,22 11,90
Ourstes hexasperma 8 302.90 18,13 0.14 4,84 0,93 6.68 1 1,33
Miconia pohliana 3 151,40 9.68 0.42 2.42 2.89 3.33 8.64
Vochysia elliptica 2 101,00 8.46 0.64 1.61 4.34 2.22 8.17
Tabebuia ochracea 3 151.40 9,68 0.26 2.42 1.72 3,33 7.48
Diospyros burchellii 4 201,90 9.68 0.1 1 3.23 0,72 3,33 7,28
Palicourea rigida 3 161.40 9.88 0.22 2.42 1.63 3.33 7,28
Kielmeyera coriacea 2 101,00 8.46 0.23 1.61 1.68 2,22 6.41
Mimosa claussenii 2 101.00 8,46 0,15 1.61 1,00 2.22 4.84
Acosmium dasycarpum 2 101,00 8.46 0.08 1.81 0.66 2,22 4,38
Connarus suberosus var. fulvus 2 101,00 8.46 0.08 1,81 0,64 2.22 4.37
Styrax ferruginous 2 101.00 6.46 0.08 1.81 0.62 2.22 4.36
Eremanthus glomerulatus 2 101.00 8.46 0.06 1.81 0.36 2.22 4.19
Malpighiacese (1021-4) 2 101,00 6,46 0.04 1.81 0.24 2.22 4,08
Vernonia ferruginea 2 101,00 8.46 0.02 1.81 0.14 2.22 3,97
Austroplenkia populnea 1 60.50 3.23 0.10 0.81 0.70 1.11 2,82
Byrsonima coccolobifolia 1 50,60 3.23 0.08 0.81 0.68 1,11 2.49
Eremanthus goyazensis 1 50.60 3.23 0.07 0.81 0,60 1.11 2.42
Annona crassiflora 1 50.60 3.23 0.01 0.81 0.10 1.1 1 2.02
Fabaceae (1018-1) 1 50.60 3,23 0.01 0.81 0.08 1.11 2.00
Note: 20 families, 22 genera and 28 tpecies present. Two families aooount lor 78% of the speoies: Composite* (3| and Lagominotae (3|. Three
genera, Ercmanthua , Miconia and Vochyaia have two species, all otheis ere represented by a single tpeoiet.
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Table 31 • Phytoaocloloqical paramtfn - sample alts TORRE 1
no. of points *• 20 density * 1048.4 2ind./ha aver, point-plant dist. - 3.091mi
no. of ind. = 80 basal area ■ 1.399m2/ha circ. > - 5 cm
Shannon - Wiener H" » 1.87, evenness « 0.78
abs. abs. abs. ral. rel. rel.
species n 1 V 1
dens. freq. dom. dena. dom. Iraq.
Erythroxylum tortuosum 18 236.4 70 0.8810 22.5 47.3 24.14 93.94
Neea theifers 29 379.3 80 0.1860 30.26 13.27 27.59 77,1 1
Salacta crassifolia 10 130.8 36 0,1 763 12.6 12.61 12,07 37.1 7
Erythroxylum tuberosum 6 86.4 20 0.0988 0.2 6 7,05 8.9 20,19
Palicourea rigida 8 78,6 26 0.04 7.6 2.80 8,02 18.98
Kielmeyera conacea 4 52.3 20 0.046 5 3.22 0.9 16.12
Eriotheca pubescens 1 13.1 6 0.1 203 1.26 8.8 1.72 1 1,57
Byrsonima subterranea 2 20.2 10 0.0409 2.6 2.92 3.45 8.87
8yrsonima verbascifolia 2 26.2 10 0,01 7 2.6 1.21 3.45 7,10
Oaviila elliptic! 2 26,2 10 0.0083 2.5 0,59 3.46 0,54
Sabicea brasiliensis 1 13.1 5 0,0061 1.26 0.37 1.72 3,34
Note: 8 l«mtl»*. 9 genet* end 1 1 apenwia pi eaent. 1 wr> geneie. frylhro ttyium end Byrnonime, ha
• ingle iptoMi.
Table 32 - Phy tosocloloQlcaf parain«l«n - sample site CAMPO SUJO NOVO SETOR
no. of points = 30 density =* 800.47ind./ha aver, point-plant dist. - 3.534m
no. of ind. - 1 20 basal area - 1.320m2/ha circ. > - 6cm















Kieimeyera coriacea 34 220,80 70,00 0.46 28.33 34.10 20,58 89,01
Connarue suberosus var. fulvus 41 273.60 00,07 0.29 34.17 21.00 26,32 81.14
Aspidosperma tomentosum 12 80.00 23.33 0.07 10.00 6,29 8.80 24.16
Butia leiospatha 3 20,00 10.00 0,20 2.50 14,81 3,80 21.11
8yrsoruma verbascifolia 3 20.00 10,00 0.14 2.60 10,21 3,80 10,61
Oafbergia miscoiobium 4 20,70 13.33 0,04 3,33 2.91 6.00 11,30
Tabebuia ochraces 4 20.70 13.33 0.02 3,33 1.82 5,00 10,22
Pouteria torta 3 20,00 10.00 0,01 2.50 0.83 3.80 7.12
Annona crassiflora 2 13,30 8,07 0,03 1.87 2,20 2.53 0.40
Diospyros burchellii 3 20,00 0.07 0.01 2.60 0,39 2.53 6.42
Acosmium dasycarpum 3 20,00 0,07 0.00 2.50 0.34 2.63 5.37
Roupala montana 1 0,70 3,33 0,02 0,83 1,06 1.27 3,96
Davilla elliptica 1 0,70 3,33 0.01 0,83 1,02 1.27 3,12
Erythroxylum suberosum 1 0.70 3,33 0,01 0,83 0,79 1.27 2,88
Dimorphandra mollis 1 0,70 3.33 0.01 0,83 0,79 1.27 2.88
Salacia crassifolia 1 8.70 3.33 0,01 0,83 0,68 1.27 2.08
Styrax ferruginous 1 8,70 3.33 0.00 0.83 0,14 1.27 2,24
Pouteria ramiffora 1 0,70 3.33 0.00 0,83 0,12 1.27 2.22
Tocoyena formosa 1 6.70 3.33 0,00 0.83 0,10 1.27 2.20
Note; 1 7 familiea, 18 geneie end 19 apeoiea pieaenl. T wo Ir M lor 28* o 1 the apeoia>•: legummo • •• (3) end Sepotaoaaa (2). Only
on* genu*. Pouterim . hea two apeoma, ell others nm repieaenlad by a •ingle apeoiea.
Table 33 • Phytosocloloqicaf parameters - sample site CAMPO SUJO MATOQROSSO
no. of points * 30 density - 1009.02ind./ha aver, point-plant dist. - 3.068m
no. of ind. « 1 20 basal area - 2.0 1 8rrt2/ha circ. > - 5cm
Shannon - Wiener H' * 2.52. evenness = 0.78
abs. abs. abs. rel. rel. rel.
species n
dena. freq. dom. dens. dom. freq.
1 V 1
Connarus suberosus var. fulvus 33 294.10 00,00 0,57 27,60 28.24 20,22 76.90
Kielmeyers coriacea 19 169.40 43,33 0.30 16,83 14.81 14,01 46.25
Erythroxylum tortuosum 9 80,20 28.07 0.27 7,60 13,58 8,99 30,07
Neea iheifera 13 1 16.90 33.33 0,07 10,83 3.71 1 1,24 25,78
Tabebuia ochracea 7 02.40 20.00 0.12 6,83 8.07 8.74 18.86
Stryphnodendron adstringens 5 44,00 13,33 0.1 1 4.17 6.28 4.49 13.94
Ouratea hexasperma 3 20.70 10,00 0.10 2.50 5,13 3.37 1 1,00
Aspidosperma tomentosum 6 44.00 13.33 0.02 4.17 1,16 4.49 9,81
Pouteria ramiflora 4 36.70 10,00 0,04 3,33 2.08 3,37 8,78
Eremanthus glomerulatus 3 20.70 10.00 0.02 2,50 0,94 3.37 6.81
Syegrus flexuosa 2 1 7,80 8,07 0,06 1.67 2,28 2.26 8.20
Poutoria torta 2 1 7.80 0,07 0.03 1.07 1,56 2.26 6,47
Qualea parviflora 1 8,90 3.33 0,00 0.83 2.75 1.12 4,71
Qualea grandiflora 1 8.90 3.33 0,05 0,83 2.38 1.12 4,34
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Erythroxylum deciduum 2 17,80 3.33 0.03 1,07 1.52 1.12 4.31
Annon* torn en to* a 2 17,80 3.33 0.02 1.87 0.80 1.12 3.06
Dalbergia miscoiobium 1 8,90 3.33 0,03 0.83 1.41 1.12 3.38
Acoimium dnycarpum 1 8.90 3.33 0.03 0.83 1.41 1.12 3.30
Annon* craaaiflora 1 8.90 3.33 0.03 0.83 1.34 1.12 3,29
Eriotheca pubeacene 1 8,90 3.33 0.02 0,83 1.14 1.12 3.10
Enterolobium ellipticum 1 8.90 3.33 0.02 0.83 1.02 1.12 2.97
Davilla elliptic* 1 8.90 3,33 0.01 0.83 0,43 1.12 2,38
S*l*cia cra**i folia 1 8.90 3.33 0.01 0.83 0.36 1.12 2.31
Tabebuia aurea 1 8.90 3,33 0.01 0.83 0.36 1.12 2.31
Caaearia sylveatria 1 8.90 3.33 0.00 0.83 0.23 1.12 2,18
Note: 10 lamdMi. 71 g»n»i» end 75 piai*
Bignontaoaae (71, EivthfoxyUoeae (7). Sipninciia*
nt. Six familini noonunt (of 50% of the apRnit*: LagumnoiM Ml, Annonaoaaa (7),
(7) anal Vnohyemreae (71. fix* ganaia, Annona, [rylhroaykim, Pouiaria, Quataa and Tababuia,
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Table 34 - Ptry tosocloloqfcal parameters - umple site INVERNAOA
no. of point® =* 80 density * 1 702.24ind./ha ®ver. point-plant dist. - 2.424m
no. of ind. =* 240 basal area =» 1 7 782m2/ha circ. > - 6cm















Terminslis argentea 16 1 13.5 20 8.2089 8.87 34.90 8.28 47.91
Kielmeysra coriacea 52 368.8 53.33 1,3854 21.07 7.8 10,75 40.22
Sclerolobium panicufatum var. subvelutinum 27 191,5 31.87 3.2258 1 1.26 18.10 9.96 39.30
Miconia ferruginats 30 212.8 38.33 1.7397 12.6 9.79 12,04 34,34
Miconia pohliana 10 70.9 18.87 1.0401 4.1 7 5,80 5.24 16.28
Psidium myrainoides 1 1 78 18,87 0,4507 4.68 2.67 5.24 12.39
Eremanthus glomerulatus 12 85.1 15 0.1972 5 1,1 1 4.71 10,82
Qualea parviflora 7 49.8 1 1.87 0.6954 2.92 3.92 3.00 10,6
Byrsonima coccolobifolia 9 83.8 15 0.3347 3.76 1.88 4.71 10.36
Aapidosperma tomentosum 1 1 78 15 0,1267 4.68 0.71 4.71 10
Ouratea hexaaperma 7 49.8 10 0,4457 2.92 2.61 3,14 8.67
Mimosa claussenii 8 56.7 1 1.67 0.104 1 3.33 0.59 3,08 7.58
Palicourea rigida 0 42.6 10 0.184 2.6 0,92 3,14 8,58
Salacia crassifolia 4 28.4 8,87 0.3061 1.87 1.72 2.09 6.48
Byrsonima verbascifolia 4 28.4 0.07 0.143 1.87 0.81 2.09 4.57
Guapira noxia 3 21.3 5 0.217 1.26 1,22 1.57 4,04
Vochysia elliptica 3 21.3 5 0.1643 1.26 0,87 1.57 *3,89
Styrax ferruginous 2 14.2 3.33 0.2 0.83 1.13 1.06 3.01
Scheflera macrocarpum 2 14.2 3.33 0.0968 0.83 0.64 1.06 2.42
Qualea grandiflora 1 7.1 1.87 0.2673 0,42 1,46 0.52 2.39
Syagrus comosa 2 14.2 3,33 0.0716 0.83 0.4 1.06 2,28
Erythroxylum tortuosum 2 14.2 3.33 0.0368 0.83 0.2 1.05 2.08
Erythroxylum suberosum 2 14.2 3,33 0,0048 0.83 0,03 1,06 1.91
Stryphnodendron adstringens 2 14.2 1.87 0,016 0.83 0.08 0,52 1,44
Heteropteris byrsonimifolia 2 14.2 1.87 0.012 0,83 0,07 0,52 1.42
Miconia albicans 1 7.1 1.87 0,068 0.42 0.32 0.62 1.28
lippia sp. 1 7.1 1.87 0.0643 0.42 0,31 0,52 1.26
Roupala montana 1 7.1 1.87 0,0081 0.42 0.06 0.62 0,99
Casearia syivestris 1 7.1 1.07 0.0068 0,42 0.03 0.52 0.97
Celastraceee (921-3) 1 7.1 1.87 0.002 0.42 0.01 0.62 0.96
Note: 22 lamiWee. 25 g«n«n and 30 ipoowi piatent. I h«ee lamrfiet aooount lot 53.3% of the apeOMt: Malptghiaoeae (4), Lsguminoaaa (3),
Meleatomataoeae (31, Nyotaginaceae (3) end Voohyeieceee (3). Four genera, Mfconim(31, Byrsonima (2), Eromsnthus(2) and Ousfos (2), have
more than one •peoiea.
Table 36 - Phytosocfofoqfcaf parameter® - sample site CERRADO PALMAS
no. of points » 00 density - 030.9 1 ind./ha aver, point-plant diist. - 3.981m
no. of ind. *» 240 basal area - 5.1 9 1 m2/ha circ. > - 5cm
Shannon - Wiener H' - 2.98. evenness * 0.83
abs. abs. abs. rel. rel. rel.
1 V 1species n
dens. freq. dom. dens. dom. freq.
Sclerolobium paniculatum var. subvelutinum 39 104,30 40,08 1,80 18,63 36.88 12,24 04,06
Qualea parviflora 31 80.20 38.98 0,83 12.71 18,06 1 1,73 40,60
Syagrus comoaa 26 88.80 33.90 0,96 10,59 18.36 10,20 39,15
Miconia burchellii 18 42.80 26.42 0,40 0,78 7.74 7.86 22.18
Miconis ferruginata 10 28.70 16.26 0.23 4,24 4.42 4.69 13.26
Eremanthus goyazensis 13 34.80 20.34 0.08 5.61 1.18 8.12 12.81
Vochysia elliptica 1 1 29.40 10.96 0,13 4.00 2.48 5.10 12.24
Salacia crassifolia 9 24.10 1 1,80 0,14 3,81 2.83 3,67 10.01
Psidium myrsinoides 9 24,10 10.17 0,09 3,81 1,76 3,08 8.03
Neea theifera 9 24.10 1 1,88 0,01 3.81 0.16 3.57 7,63
Byrsonima coccolobifolia 7 18,70 1 1.80 0.04 2.97 0,78 3,67 7.31
Piptocarpha rotundifolia 0 18.00 10.17 0.00 2.64 1.17 3.08 0.78
Compoaitee2 (1060-2) 7 18.70 1 1.80 0.00 2.97 0.08 3.67 0.82
8yrsonima guilleminiena 6 13.40 8.78 0.00 2.12 0.00 2.04 4.22
Malpighiaceae (1021-4) 4 10,70 0.78 0.02 1,09 0.48 2.04 4.21
Paiicourea rigida 4 10.70 0,78 0.02 1.09 0,42 2.04 4,18
Guapira noxia 3 8.00 5.08 0.07 1.27 1.27 1,63 4,07
Byrsonima verbascifolia 4 10.70 5.08 0.01 1,09 0,13 1,53 3.38
Mimosa claussenii 3 8.00 5.08 0.02 1.27 0.30 1,53 3.10
Miconia albicans 1 2.70 1,89 0.09 0.42 1.79 0,61 2.72
Eremanthus glomerulatus 2 6.30 3.39 0.03 0.86 0.80 1.02 2.40
Roupala montana 2 5.30 3.39 0.01 0.86 0.14 1,02 2.01
Erythroxylum tortuosum 2 6.30 3.39 0,00 0.86 0.07 1,02 1,94
Erythroxylum suberosum 2 6.30 3.39 0.00 0.86 0.04 1,02 1.90
Banisteriopsis sp. 1 2.70 1,89 0,04 0.42 0,69 0.51 1,82
Ouratea hexasperma 1 2.70 1.89 0.02 0.42 0,42 0.61 1,36
Ilex integrifolius 1 2.70 1.09 0,02 0.42 0,39 0,51 1,33
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Cerrado rupestre - Phytosociological parameters
Tabte 36 • PhytoaocfoJoqtcal paramatera - aampta tile CERRADO PALMAS • (Cont.)
aba. aba. aba. ret. ral. rat.
1 V 1apeciea n
dana. freq. dom. dana. dom. freq.
Kietmeyera coriacea 1 2,70 1,89 0,01 0.42 0.13 0.51 1.07
Strypbnodendron adatringana 1 2.70 1.89 0,01 0.42 0.13 0.51 1.07
Tabebuia ochracea 1 2.70 1,89 0,01 0.42 0.13 0,61 1.08
Aapidoaperma tomentoaum 1 2,70 1,89 0,00 0.42 0,08 0,51 1.01
Zeyheria montana 1 2,70 1,89 0,00 0,42 0.02 0,51 0,96
Styrax ferrugmeua 1 2,70 1,89 0,00 0.42 0,01 0.51 0,96
Bauhinra rufa 1 2.70 1,89 0,00 0.42 0,01 0,51 0.94
Schefflera macrocarpum 1 2,70 1,89 0,00 0.42 0,01 0,51 0.94
Qualea grandiflora 1 2,70 1,89 0,00 0.42 0,01 0,51 0.94
Bantateriopais sp.3 1 2,70 1,89 0,00 0.42 0.01 0.61 0.94
Nola: 21 l*mili««, 31 Qiiniti* nn<l 37 ip«oi*i pi«»«ni Foik Umilmt aoonunl for "16% of lh« ■paowa: Malpighiaoaaa (fl), Compoim* (4|.
legurninoaaa (41 and MaUalomwfaoaaa (31. Si* Qanma, llyr.ian/m* (31, Mrconi* (31, (?1. f'r&manthut (21 and Ooa-'aa (21, hava mora
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Campo rupestre - Phytosociological parameters
Table 36 - Pt^to»ocjologjc>j parameters - sample site ARNICAS
no. of points - 60 density * 4983.93ind./ha sver. point-plant dist. = 1.4 16m
no. of ind. - 240 basal araa » 10.921m2/ha cue > » 6cm















Vellozia swsilemi 48 988,80 39.66 3.87 19.83 36.43 13.37 68,63
Micoms fsrruginata 26 616.90 32.78 1.88 10.34 17,26 1 1,06 38.86
Lychnophora ericoides 26 637.40 29.31 0.88 10.78 8,20 9,88 26.86
Quaies parviflora 23 461.40 26,86 0,73 9.06 8.67 8,72 24.44
Pslicoursa ngida 18 343.90 24.14 0.68 8,90 6.14 8. 14 20,18
Miconia pohiiana 13 279.40 20,69 0.43 6.60 3.90 6.98 16.48
Bsnistariopaia variabilis 13 279.40 10.34 0.46 6.60 4,23 3.49 13.32
Byraonima guilleminiane 8 172.00 13.79 0.18 3.46 1.62 4.66 9,72
Byrsoruma coccoiobifolia 8 1 29.00 10,34 0.39 2,69 3,61 3.49 9.88
Psidium myrainoidea 8 172.00 10,34 0,16 3.46 1.43 3.49 8.37
Micoma albicans 8 1 7 2.00 10.34 0.10 3.46 0.94 3,49 7,88
Sclerolobium parucuiatum var. subvelutinum 3 64.60 6.17 0,43 1,29 3.97 1.74 7.00
Erythroxylum tuberosum 6 1 29,00 10,34 0,10 2.69 0.92 3,49 7.00
Eremanthus goy azsnaia 6 107.60 6,90 0.14 2.18 1.29 2.33 6.77
Byraonima varbaacifolia 6 107.60 6,90 0.1 1 2.18 0.98 2.33 5.46
Terminalia argentea 6 107.60 6,90 0.04 2.16 0,37 2.33 4.86
Pouteria torta 3 84,60 6.17 0.04 1.29 0.40 1.74 3,44
Mimosa claueserui 2 43.00 3.46 0.10 0,88 0.93 1.16 *2,96
Chomeiia ribeaioidoa 3 84.60 3,46 0.04 1,29 0,38 1.16 2.83
Schefflera macrocarpum 1 21.60 1.72 0,19 0.43 1,78 0.68 2.77
Bamsteriopais malifoiia 2 43.00 3.46 0,08 0.86 0.69 1.18 2.72
Bamstanopsia sp.4 2 43.00 3.46 0.03 0.88 0.29 1.18 2.32
Bamsteriopais gardnenana 1 21.60 1.72 0,09 0.43 0,83 0,58 1,84
Vellozia flavicane 1 21.60 1.72 0,03 0.43 0.29 0,68 1,30
Neea theifara 1 21.60 1.72 0,03 0.43 0,26 0,68 1.28
Acosmium daaycarpum 1 21.60 1.72 0.01 0.43 0,06 0.58 1.07
Protium ovatum 1 21.60 1.72 0,01 0.43 0,06 0.68 1.07
Emmotum mtens 1 21.60 1.72 0.01 0.43 0,06 0.68 1.06
Kielmeyera coriacea 1 21.60 1.72 0.01 0.43 0.06 0.68 1,06
Note: 18 families. 22 genets and 29 apeoies pieaent. Six lanniiea aocoum lot <35.S% ol (he speuiee species: Matpighiaoeae (71, leguminosae
(3). Composites (2), Rubieoeee (2) and VaUo/ieoeee (2). Four geneia, Uenieteiiopsis{3|. Uyisonsna (31. Mioonia (3) and Voliorta. have inoie
than one speome
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Murundu fields - Phytosociological parameters
Table 37 - Ptiy toaociologlcal parameter* - (ample site MUflUNOU
no. of samples - 10 danaity - 201 a. 74ind./ha circ. > ■- 6cm
no. of ind. - 144 basal ar as - 6.948m2/ha
Shannon - Wiener H' - 2.46, avenneaa - 0.78
aba. aba. aba. rel. ral. rel.
•pecies n
dens. freq. dom. dena. dom. freq.
1 V 1
Psidium warmingianum 31 4 34.20 90.00 1.26 21.63 21,00 14.62 67.06
Erem anthue glomerulatu* 20 280.10 50.00 1 .04 13.89 1 7,66 9.06 39.62
Kiolmeyora coriacea 18 262. 10 70.00 0.80 12.60 13,41 1 1,29 37,20
Micoma rubiginosa 18 262.10 70.00 0.49 1 2.60 8.20 1 1,29 31,99
Micoma albican* 3 42.00 30.00 1.01 2.08 18.99 4.84 23,91
Acoamium daaycarpum 16 210.10 40.00 0,16 10,42 2.48 8.46 19.36
Erythroxylum tortuoaum 7 98,00 ao.oo 0,21 4.86 3,46 9,68 17,98
Styrax farruginaua 9 12fl.00 30,00 0,14 8,26 2.40 4.84 13,49
Symplocoa lanceolata a 84.00 20.00 0.17 4.17 2.84 3,23 10,23
Byraoruma sp. 1 14.00 10,00 0,34 0.69 6.87 1.81 7.98
Aegiphrlla lanata 2 28.00 20.00 0.01 1,39 0,12 3,23 4,74
Annona monticoia 2 28.00 20.00 0,01 1,39 0.09 3,23 4.71
Lafoenaia pacari 1 14.00 10,00 0.1 1 0.89 1,80 1.81 4.1 1
Caryocar brasilianea 1 14.00 10.00 0,09 0.69 1.47 1.61 3,78
Erythroxylum auberoaum 28,00 10.00 0,02 1,39 0.36 1.81 3,36
Aapidoaperma macrocarpum 1 14.00 10.00 0,06 0.69 0,99 1.81 3,30
Saiacia craaaifoiia 1 14.00 10.00 0,03 0.69 0,48 1.81 2,79
Byraoruma verbaacifolia 1 14.00 10.00 0,01 0.89 0,23 i.ar 2,63
Oaviila elliptic* 1 14.00 10.00 0,01 0,69 0,19 1.81 2.49
Piptocarph* rotundifolia 1 14.00 10.00 0,01 0,69 0,09 1,81 2,40
Tocoyena formoaa 1 14.00 10.00 0,00 0.69 0,08 1.81 2.39
Prouum ovatum 1 14.00 10,00 0,00 0.69 0,06 1.81 2.36
Eromanthua goyaiertsis 1 14.00 10.00 0.00 0.69 0.06 1.81 2,36
Not*; 18 familMta, 19 ganeia and 23 iptowi pro»»r»(. Fout (ainiltea aooount loi 39% ol (h«t ipaowi: CompoiKi* (3). Efytlwoxylaosae (2).
Ma^jiyhiaoaao (21 and Malai(omi(*ooa« (2). Four genera, tiyrsonarta , Eramanthus . tfyihroxy/um and Mrcon/s, hava (wo ipaoNi, all othaia
ara lapiaaanlad by a tingle ipaoiai.
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In the National Park the physiognomic gradient from cerrado sensu stricto to
cerrado open scrub is accompanied by a gradient of descending species-richness and
diversity .
The cerrado sample site BARRAGEM was the richest in species (65) and
presented the highest Shannon's diversity with H' = 3.64, while CERRADO NOVO
SETOR, CERRADO MATO GROSSO and CERRADO TORRE had the same figure
for species-richness (42 spp.), and of them CERRADO NOVO SETOR had the
highest diversity (H' = 3.34).
Differences in richness and diversity were observed among the Brasilia
National Park cerrado sensu stricto sample sites, when considering both the large
(girth > 30cm) and the small (> 5cm) trees and shrubs. It was observed that the
populations of small trees and shrubs were richer in species and more diverse than
the populations of large trees and shrubs.
Of the cerrado rupestre sample sites, PALMAS was richer in species (37 spp.)
and had higher diversity (H' = 2.98) than INVERNADA (30 spp. ; H' = 2.78).
The cerrado scrub with emergents sample site VOCHYSIA 1 was species-
richer (30 spp.) and also had higher Shannon's diversity (H' = 2.80) than the site
VOCHYSIA 2 (26 spp. ; H' = 2.71).
Sample site TRES BURACOS 1 was the species-richest (35 spp.) and had the
highest Shannon's diversity (H' = 3.03) of the cerrado scrub sites.
Sample site CAMPO SUJO MATO GROSSO was the richest in species (25
spp.) and had the highest diversity (H' = 2.52) of the cerrado open scrub sites.
4.7.1.3 Cerrado x gallery forest
Leguminosae, Malpighiaceae, Melastomataceae, Rubiaceae, and Annonaceae
were important families in both the cerrado and gallery forests sites in the National
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Park, while Caryocaraceae, Celastraceae, Dilleniaceae, Loganiaceae and
Velloziaceae were confined to the cerrado communities.
In general the cerrado communities had lower diversity indices than the
gallery forests, except for the gallery forests sample sites PISCINA 1, CEMAVE, and
CRISTAL, which had similar diversity indices to some cerrado communities.
Some species were common to the gallery forests and cerrado sample sites
such as Pseudobombax longiflorum and P. tomentosum (Bombacaceae); Bauhinia
rufa, Copaifera langsdorffii and Sclerolobium paniculatum var. subvelutinum
(Caesalpiniaceae); Pterodon pubescens (Fabaceae); Enterolobium gummiferum
(Mimosaceae); Myrsine guianensis (Myrsinaceae); Siphoneugena densiflora
(Myrtaceae); and Roupala montana (Proteaceae).
4.7.2 Phytosociology
The results giving absolute and relative values of density, frequency and
dominance, and importance value index (IVI), of the species in each sample site, are
presented in Tables 12 to 37. The number of surveyed points, number of plant
individuals, absolute density, absolute basal area, Shannon's diversity indices and
evenness of each sample site, are summarised in the heads of these Tables. The most
important families in each sample site are listed in the foot notes of these Tables.
Girth and height ranges are shown in Table 38, and the girth and height frequency
class distribution, is shown in Figs 25 to 34.
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Table 38 - C ircumference and height ranges in plant communities of Brasilia National Park
Circumference and height ranges of the gallery forest sample sites
circumference (cm) height (m)
sample site min. med. max. min. med. max.
PISCINA 1 5 26.96 152 0,57 5,25 25
CEMAVE 5 19.46 150 0.6 4.72 25
CRISTAL 5 16,48 94 0.8 4.95 20
CAPAO COMPRIDO 5 33,08 340 0.5 5,39 30
BARRIGUOA 5 21.81 275 0.7 4.7 30
TRES BARRAS 5 26,2 154 0.5 6,09 25
PALMAS 5 19.73 220 0.5 4.58 20
BANANAL 5 21.1 225 0.5 5.1 25
Circumference and height ranges of the cerrado "sensu stricto" sample sites
-
circumference (cm) height (m)
sample site min. med. max. min. med. max.
CERRADO NOVO SETOR 5 42.49 156,5 0.5 3,2 12
CERRADO MATO GROSSO 5 41,18 157 0,55 3.55 12
CERRADO CAPAO COMPRIDO 5 38.99 154 0.5 3.59 9.6
0ARRAGEM 5 28.03 139 0.5 2.44 18
CERRADO TORRE 5 27.42 88 0.5 1.81 6.8
CERRADO TORTINHO 5 30.92 1 64 0.5 2.56 18
Circumference and height ranges of the cerrado rupestre sample sites
circumference (cm) height (m)
sample site min. med. max. min. med. max.
INVERNADA 5 28.46 249 0.5 2.64 10
CERRADO PALMAS 5 26.79 80.5 0.5 2,32 7,6
Circumference and height ranges of the cerrado scrub sample sites
circumference (cm) height (m)
sample site min. med. max. min. med. max.
TRES BURACOS 1 5 14,36 57.5 0.5 1,05 2.9
TRES BURACOS 2 5 26.02 225 0.5 1.32 2,6
RAPVELL 5 11.83 57,5 0.5 0,81 2
MURUNDU 5 15.56 90 0.5 1.18 3.95
Circumference and height ranges of the cerrado open scrub sample sites
circumference (cm) height (m)
sample site min. med. max. min. med. max.
CAMPO SUJO NOVO SETOR 5 12.3 44,5 0.5 0,82 3,5
CAMPO SUJO MATO GROSSO 5 14.22 37.5 0.55 1.79 3.5
TORRE 5 11,29 34 0.5 0.8 3,5
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Figure 27 - Circumference and height class distribution of cerrado woody planls of
Brasilia National Park
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Figure 28 - Circumference and height class dislritxjllon of corrado scrub woody plants
of Brasilia National Park
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Figure 30 - Circumference and height class distribution ot scrub with
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Figure 31 - Circumference and height class distribution of cerrado rupestre
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The total density of the gallery forests ranged from 5221.43ind./ha in
PISCINA 1 sample site to 25944.70ind./ha in the flooded BANANAL site. The basal
area ranged from 35.747m2/ha in the semideciduous site CEMAVE to 249.149m2/ha
in the water-logged forest site BANANAL.
In all the gallery forest samplings together, from 46.9% to 69.2% of the
recorded plants were distributed in the first girth class (5 to 15cm), and from 68.5%
to 81.9% of the individuals were distributed in the three first height classes, up to 4m
tall. Only from 0.6% to 3.8% of the plants registered in the gallery forests were large
trees > 20m high (Fig. 25).
Anadenanthera colubrina var. cebil, Aspidosperma subincanum, Calophyllum
brasiliense, Cariniana estrelensis, Chrysophyllum marginatum, Copaifera
langsdorffii, Hieronyma alchorneoides, Hymenaea courbaril var. stilbocarpa,
Micropholis venulosa, Pseudolmedia laevigata, Qualea dichotoma, Richeria
obovata, Tabebuia impetiginosa, Vochysia pyramidalis and Xylopia emarginata are
the most abundant and have the highest IVIs among the large trees in the gallery
forests of the National Park of Brasilia (Table 12 to 19).
Alibertia edulis, Aspidosperma discolor, Attalea phalerata (palm), Bauhinia
rufa, Campomanesia velutina, Cheiloclinium cognatum, Cupania vernalis, Diospyros
hispida, Euterpe edulis (palm), Ferdinandusa speciosa, Geonoma schottiana (palm),
Guettarda viburnoides, Hedyosmum brasiliense, Maytenus alaeternoides, Miconia
chartacea, Myrcia rostrata, M. tomentosa, Tibouchina candolleana and Trichilia
catigua, all had high IVIs as understorey, shade tolerant trees of the gallery forests.
In the gallery forest sites, Leguminosae, Myrtaceae, Rubiaceae, Palmae,
Anacardiaceae, Annonaceae, Hippocrateaceae, Apocynaceae, Guttiferae,
Celastraceae, Melastomataceae, Vochysiaceae, Magnoliaceae, and Bignoniaceae had
the highest Importance Value Indices -1VI.
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Leguminosae were important in almost all gallery forest sites in the National
Park, except in the water-logged BANANAL sample site.
Palmae were important in the flooded patches of the gallery forest sites and in
the dry gallery forest site PALMAS, but the species present in the two habitats were
completely different.
Annonaceae, Guttiferae and Magnoliaceae were important in the flooded site
BANANAL and also in damp parts of the gallery forest sites CAPAO COMPRIDO
and BARRIGUDA.
4.7.2.2 Cerrado categories
The density of the cerrado communities ranged from 514.72ind./ha in the
cerrado sensu stricto sample site CERRADO NOVO SETOR to 6259.06ind./ha in
the cerrado scrub with emergents site VOCHYSIA 2. The basal areas varied from
1.326m2/ha in the open scrub site CAMPO SUJO NOVO SETOR to 29.067m2/ha in
the scrub with emergents site VOCHYSIA 1. From 38.0% to 81.2% of the recorded
individuals were distributed in the first girth class (5-15cm). The first height class
(0.5m -1.0m) included from 33.4% to 81.7% of the surveyed individuals. Only 3% of
surveyed individuals in the cerrado were > 8m tall (Figs. 26 and 27).
Dalbergia miscolobium, Pterodon pubescens, Sclerolobium paniculatum and
Vochysia thyrsoidea were the commonest large trees of the cerrado in the National
Park of Brasilia.
Caryocar brasiliense, Dalbergia miscolobium, Eriotheca pubescens, Qualea
parviflora, Q. grandiflora, Sclerolobium paniculatum and Styrax ferrugineus were
the most important cerrado tree species and the most important shrubs species were
Cassia orbiculata, Kielmeyera coriacea, Miconia ligustroides, Ouratea hexasperma,
Salacia crassifolia, Syagrus comosa (palm), S. flexuosa and Vellozia flavicans (see
Table 20 to 25).
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In the cerrado rupestre category, Qualea parviflora, Sclerolobium paniculatum
and Terminalia argentea were important tree species (Tables 35 and 36) while
Kielmeyera coriacea, Miconia burchellii, M. ferruginata, M. pohliana and Syagrus
comosa (palm), were important shrub species with the IVI range from 13.25% to
64.65%.
Aspidosperma tomentosum, Banisteriopsis latifolia, Butia leiospatha,
Byrsonima verbascifolia, Cassia orbiculata, Connarus suberosus, Eremanthus
glomerulatus, Erythroxylum suberosum, E. tortuosum, Kielmeyera coriacea, Mimosa
claussenii, Neea theifera, Palicourea rigida, Psidium myrsinoides, Myrsine
guianensis, Roupala montana, Salacia crassifolia, Syagrus comosa, Tabebuia
ochracea and Vellozia flavicans were the species with the highest IVIs within the
shrubby cerrado categories. Most of these species were also important in the cerrado
sensu stricto and cerrado rupestre shrub layer.
Vellozia flavicans was especially important in the cerrado scrub with emergents
(Vochysietum) (Tables 29 and 30), and in the cerrado scrub sample sites (Tables 26,
27 and 28). In the CERRADO TRES BURACOS 2 (Vellozietum) this species had
the highest IVI recorded in any area of the National Park of Brasilia, with 163.31
(Table 27).
In the Vochysietum the trees of Vochysia thyrsoidea which characterised the
site, were sparsely distributed, and were scarcely detected by the sampling points.
Although the arboreal element is either absent or infrequent in the cerrado
scrub sites, dwarf plants of Caryocar brasiliense, Dalbergia miscolobium, Hymenaea
stigonocarpa, Pouteria ramiflora and Stryphnodendron adstringens are often found.
Vellozia swallenii, Miconia ferruginata and Lychnophora ericoides were the
most important species in the campo rupestre ARNICAS sample site (Table 36) and
Psidium warmingianum, Eremanthus glomerulatus and Kielmeyera coriacea for the
MURUNDU site (Table 37).
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In general, in the cerrado communities, the species with high IVI had also
high density, frequency and dominance.
4.8 Discussion
4.8.1 Floristics and diversity
4.8.1.1 Gallery forests
The major gallery forest families represented in this study have also been
identified as species-rich families in other gallery forests of the Distrito Federal
(Ratter, 1980, 1991; Felfili & Silva Jr., 1992; Felfili, 1993).
The pattern encountered in the gallery forests of the National Park of Brasilia
shows that a few genera had many species, some had a few species, but the vast
majority were represented by a single species, i. e. most of the taxa represented are
not closely related.
The same pattern of species-genus relationships found in the gallery forests
of the National Park of Brasilia was observed in a mesophytic forest in the Distrito
Federal (Ramos, 1989), in the gallery forests of the research station of the University
of Brasilia, Fazenda Agua Limpa (Ratter, 1980, 1991) and in Gama gallery forest
(Felfili, 1993a), all of them situated in the Distrito Federal. Comparing the results
found in the Gama gallery forest with different tropical forest communities, Felfili
(1993a) recognised that the Central Brasil gallery forests, have lower numbers of
congeneric species than the species-rich tropical forests.
The tropical forests experienced a contraction of area during the Pleistocene
Glacial periods (van der Hammen, 1983). At these times drier conditions obtained in
the tropics and the forests were reduced in area to form disjunct islands (refugia)
which constitute distinct centres of diversity and endemism (Prance 1973). After the
Glacial periods, a wetter climate provided favourable conditions for the tropical
forests to expand again from their refuges (van der Hammen, 1983). But, in Central
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Brazil the forest expansion was restricted to younger lower situated relief of
Quaternary age, shaped by fluvial morphodynamics (Emmerich, 1990). In any case
most of the region is characterised by a climate which belongs to Koppen's Aw-
subtype of the tropical rain climate (A), so establishment of evergreen rainforest
would not be expected. The limitation of area and the distance from the forest
refuges, associated with the seasonal climate and periodic burning, affords one
explanation for the lower species-richness of the Central Brazilian gallery forests,
when compared with the Amazonian and Atlantic forests.
The observation of forest fragmentation studies casts light on the
relationships of area and species diversity. Terborgh (1992) demonstrates the
following in his analysis of the maintenance of diversity in tropical forests:
1. Species loss accompanies or quickly follows habitat fragmentation.
2. A fragment of a given size may provide perfectly well for one species and be
wholly insufficient for another.
3. Reduction in the area of a habitat has the immediate consequence of drastically
reducing the effective population sizes of many species, including those with the
lowest intrinsic population densities.
4. Intrusion of the edges is an inevitable consequence of fragmentation. Where the
forest interior is exposed to opening up, wind and light will penetrate the
understorey. The changes in the physical environment lead in turn to changes in
species composition and structure of the vegetation.
Although these studies relate to fragmentation of large areas covered by
tropical forests, they can help in the understanding of the differences in species-
richness between the central Brazilian and the Amazonian and Atlantic forests.
It seems to be clear that many species dependent upon large areas with
specific environmental conditions cannot exist in the narrow corridors formed by the
gallery forests, which are submitted to the strong edge effects of wind, light and fire.
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Despite all this, the gallery forests of Central Brazil have a surprisingly great species
diversity when their relatively small area is taken into account. It is also interesting to
note that characteristic species such as Callisthene major, Myrcia tomentosa, Myrcia
rostrata, Lithraea molleoides and Pseudobombax tomentosum form populations on
the margins of the gallery forests and can be considered species adapted to edge
effects, including fire.
Some interesting points should be emphasised about the diversity of the
National Park gallery forests:
The CEMAVE, PISCINA 1, CRISTAL and BANANAL sample sites
constitute a distinct group with lower species-richness and diversity than the other
gallery forests in the National Park.
The areas studied at PISCINA 1 and CEMAVE sample sites were situated on
drier and well-drained soils. The presence of characteristic semideciduous species
such as Anadenanthera colubrina var. cebil, considered an indicator of mesotrophic
forests (Ratter et ah, 1978; Ramos, 1989), made these two sites distinct from others
in the National Park. CEMAVE showed the highest levels of soil nutrients amongst
the gallery forests studied, and together with the CRISTAL sample site carried
mesophytic forest, but PISCINA 1 unexpectedly showed low nutrient levels,
suggesting that Anadenanthera colubrina var. cebil can also occur on dystrophic
soils or on the other hand that errors were made in the soil analysis of this site.
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The composition of mesophytic forests tend towards the dominance of
relatively few species rather than high diversity (Ratter, personal communication).
This lower diversity of forests on mesotrophic soils corroborates the predictions of
Tilman (1982) as cited in Moreira (1992) that plant communities should have
maximum diversity in moderately resource-poor habitats.
The lower diversity of PISCINA 1 can be explained by its position in the
Public-Use zone, where it suffers the impact of visitors walking in the vegetation and
especially the grazing and trampling of horses.
CRISTAL, as indicated earlier, is a site where gallery forest species have
expanded into the cerrado area. It occurs as a small patch on mesotrophic soil, in a
pre-existing ecotonal cerrado-cerradao-gallery forest tract, where the cerrado species
have already been shaded out by the gallery forest trees during the succession
process. Some cerrado species such as Kielmeyera coriacea and Qualea parviflora
were observed in this part of the gallery forest. However, only Syagrus flexuosa, a
characteristic cerrado palm, was actually recorded in the PCQ samples. The presence
of Siphoneugena densiflora and Cardiopetalum calophyllum (Table 14) which are
widely considered to be indicative of dystrophic facies cerradao (Ratter et al., 1973,
1977; Ratter, 1971) and also the presence of Astronium fraxinifolium which is an
indicator species of mesotrophic cerradao (Ratter et ah, 1977; Furley & Ratter,
1988), reinforce the idea of gallery forest expansion into a pre-existing cerradao.
Other species such as Copaifera langsdorffii, Hymenaea courbaril var.
stilbocarpa, Guettarda viburnoides, and Alibertia edulis which are commonly found
in the CRISTAL sample site, are also common species in cerradao sites in Mato
Grosso (Ratter et ah, 1989).
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This succession from cerrado to cerradao and the gradual expansion of the
gallery forests in the Distrito Federal is discussed in Ratter (1980, 1992) and in
Ratter et al. (1973, 1978a).
The gallery forest site CAPAO COMPRIDO had a lower diversity index than
CEMAVE and BANANAL (Tables 15, 13 and 19, respectively), although it was
richer in species than the two latter sites. The reason for this is that CAPAO
COMPRIDO had lower evenness than the two other sites. The great abundance of
individuals of Euterpe edulis, and Xylopia emarginata occurring on a damp area on
the site and of clumped populations of Cheiloclinium cognatum and Alibertia edulis
occurring on mesic soils within the area produced this unevenness.
It was anticipated that the water-logged site BANANAL would show
intermediate richness and diversity, as indeed was the case. The high soil water
content limited the establishment ofmany species and provided an open niche which
was occupied mainly by water-loving species such as Xylopia emarginata and
Calophyllum brasiliense. These two species showed a great number of individuals,
giving the BANANAL sample site an uneven distribution of species abundance.
Compared with other phytosociological studies in different regions of Brazil
(Table 39), Brasilia National Park gallery forest sample sites CEMAVE,
BANANAL, CAPAO COMPRIDO, PISCINA 1 and CRISTAL can be considered as
having median diversity and TRES BARRAS, BARRIGUDA and PALMAS as
having high diversity.
4.8.1.2 Cerrado communities
The species-rich families found in the cerrado communities of the National
Park of Brasilia are largely the same as those described in the works of Rizzini
(1979) ,Goodland (1979) and Ratter (1980), who identified the most important
cerrado families as Leguminosae, Malpighiaceae, Rubiaceae, Myrtaceae,
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Apocynaceae, Annonaceae, Melastomataceae, Bignoniaceae, Vochysiaceae, Palmae,
Sapindaceae, and Anacardiaceae.
In the present work a gradient of species-richness and diversity was observed
paralleling a physiognomic gradient from the cerrado sensu stricto to the cerrado
open scrub (campo sujo). An exception to this was the cerrado scrub TRES
BURACOS 1 which had a high species-richness and diversity, similar to cerrado
sensu stricto sites
The pattern observed in these cerrado categories seems to be mainly related to
the edaphic characteristics which are responsible for the distribution of the cerrado
vegetation (Furley, 1985; Ratter, 1980; Frost et al., 1986; Oliveira-Filho et al., 1989).
Fire can also be important, since the establishment of sensitive species is impeded in
some cerrado areas subject to periodic fire regimes (Moreira, 1992).
Since Shannon's diversity indices are influenced by species abundance
(Pielou, 1975, and see discussion on forest sites), some sample sites gave higher
diversity figures as a result of their evenness, for example, the sample sites
CERRADO NOVO SETOR and CERRADO MATO GROSSO both had 42 species,
but the former presented higher Shannon's diversity (FT = 3.34) than the latter (FT =
3.08). However, the evenness of CERRADO NOVO SETOR was higher (J = 0.89)
than the evenness of CERRADO MATO GROSSO (J = 0.82).
The cerrado sensu stricto sample sites presented high diversity when
compared with other published work (Table 39). Some cerrado sensu stricto sites in
the Brasilia National Park had diversity indices even higher than some forest sites.
In the National Park of Brasilia the cerrado diversity ranged from 3.08 to
3.64, which is similar to a cerrado area in the research station of Brasilia University
(Felfili, 1993), where the diversity was 3.46. In various cerrado sites surveyed in the
Chapada da Pratinha in Central Brasil, Felfili et al. (1993) found a diversity ranging
from 3.11 to 3.56. Thus, the diversity indices calculated for the cerrado vegetation
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communities in the National Park of Brasilia are typically in the range of those found
in several Brazilian cerrado areas. However, the differences in sampling methods,
particularly those relating to sampling intensity (Magurran, 1988) and the minimum
girth sizes used prevent straightforward comparisons between the different studies.
4.8.2Phytosociology
4.8.2.1 Gallery forests
The present study shows considerable heterogeneity in species composition
of the gallery forests of the National Park of Brasilia. This agrees with the data of the
Projeto Biogeografia (Biogeography Project) (SEPLAN, 1990), which surveyed five
different gallery forests in the Chapada Pratinha region (Pratinha plateau), a large
plateau including much of the States of Minas Gerais, Goias and the whole of the
Distrito Federal.
The Chapada Pratinha is considered a homogeneous physiographic region in
Central Brazil (Cochrane et al. , 1985). However the Projeto Biogeografia showed
that the gallery forests of the region were floristicaly extremely heterogeneous. Only
a Protium sp., Tapirira guianensis and Cheiloclinum cognatum were amongst the 10
most important tree species in all five sampled areas, while Ixora warmingii, Virola
sebifera, Licania apetala and Maprounea guianensis, the next most widespread
species, were important tree species in only two of the areas studied. The great
majority of species were of rare occurrence even if they were present in a number of
areas.
Of the 316 species recorded in the gallery forests of the Chapada da Pratinha,
Central Brazil, only 62.66% were found in the Ecological Reserves of the Distrito
Federal (SEPLAN, 1990), including Brasilia National Park.
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This heterogeneity in species composition of the gallery forests is also
striking when comparing the data recorded in different studies in the Distrito Federal
(Ratter, 1980; Azevedo et al., 1990; da Silva, 1991; Felfili, 1993). A few species
such as Amaioua guianensis, Calophyllum brasiliense, Licania apetala, Maprounea
guianensis, Pseudolmedia laevigata, Protium heptaphyllum, Richeria obovata,
Talauma ovata, Tapirira guianensis and Xylopia emarginata were important in most
of the gallery forests studied in the Distrito Federal, but these represent only a very
small percentage of the total species recorded. The water-logged sites show a much
more homogeneous species composition and contain widespread species such as
Xylopia emarginata, Calophyllum brasiliense, Mauritia flexuosa, Virola urbaniana,
etc.
A number of habitat associations can be identified in the National Park
galleries. Copaifera langsdorffii, Hymenaea courbaril var. stilbocarpa, Micropholis
venulosa, Cheiloclinum cognatum and Alibertia edulis are important tree species in
mesic to dry well-drained gallery forest patches; They are also important in some
gallery forest heads (cabeceiras) such as the BARRIGUDA gallery head site. Myrcia
tomentosa and Callisthene major are important trees in the dry marginal areas of the
gallery forests abutting on cerrado vegetation, while Ferdinandusa speciosa,
Richeria obovata and Byrsonima umbellata are important tree species in the damp
gallery forest margins. Ratter (1980) found the same distribution of characteristic
species in the Fazenda Agua Limpa gallery forests in the Distrito Federal.
The community of some dry stretches of gallery forests and particularly some
cabeceiras (gallery forest heads) in the National Park of Brasilia resemble the
"cerradao das cabeceiras" observed in Mato Grosso (Oliveira-Filho and Martins,
1986), which is similar to the dystrophic facies cerradao described by Ratter et al.,
(1973), where Copaifera langsdorffii, Emmotum nitens, Protium heptaphyllum and
Callisthene major were important species.
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In general the gallery forests of the National Park are dominated by only a
few species which have high IVIs. This concentration of IVI in a few species was
observed in several other undisturbed Brazilian forest communities (Oliveira Filho,
1989; Cesar & Leitao Filho, 1990; Felfili, 1993).
In general, dominance appears to be the most important characteristic
determining IVIs for large trees in gallery forests. For smaller trees which are more
abundant, IVIs tend to more closely reflect density.
Differences in sample sizes, minimum qualifying size and methods make it
difficult to compare the basal area (dominance) and density of the gallery forest tree
species of the Brasilia National Park with those reported in other works. However,
the physiognomic descriptions of undisturbed gallery forest sites in different studies
(Ratter, 1980; Oliveira-Filho, 1989) have shown that they have some similarities.
In the National Park the girth distribution of all gallery forest trees combined
showed a reversed-J shape (Fig. 25, p. 135). The height distribution of trees (Fig. 26)
from 50cm high was a bell shaped curve characteristic of natural distribution. These
structural patterns are characteristic of self-regenerating communities (Harper, 1977),
where there is a dynamic equilibrium between recruitment and mortality of trees, and
the populations are represented mostly by young trees. Felfili (1993) studying the
Gama gallery forest in the Distrito Federal found the same pattern of size class
distribution.
In the National Park saplings from 5 to 15cm of girth were present in great
numbers, followed by poles from 15 to 30cm of trunk girth. Trees from 30 to 90cm
girth and large trees > 90cm girth were present in lower numbers, but are responsible
for much of the gallery forests appearance, due their great dominance.
Apart from the gallery forest edges or in some gaps caused by tree falls, where
there is enough light, the gallery forest floor is in deep shade provided by the cover
of the dominant trees. Thus, the best conditions for the regeneration ofmost of large
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trees which seem to be light demanding (Felfili, 1993) are present in few places in
these forests. This seems to be the cause for the low numbers of saplings and poles of
dominant species found. The saplings and poles which do occur are mainly young
individuals of shade tolerant understorey tree species, such as Alibertia edulis,
Bauhinia rufa, Cheiloclinum cognatum, Cupania vernalis, Guettarda viburnoides,
etc. in dry sites, and Euterpe edulis, Talauma ovata, and Cyathea sp. in humid
places.
4.8.2.2 Cerrado communities
The importance (IVI) of the species of the cerrado community sample sites
varied along the physiognomic gradient from cerrado open scrub to cerrado sensu
strieto.
In this study the number of species present increased along the physiognomic
gradient from cerrado open scrub (campo sujo) to cerrado sensu stricto. The same
pattern was observed by Goodland (1971) in the cerrado ofMinas Gerais. This seems
to be related to the edaphic characteristics of the sites studied. Some authors have
correlated the cerrado physiognomic gradient from campo sujo to cerradao
(Goodland & Pollard, 1973; Lopes & Cox, 1977) to an ascending gradient of soil
fertility which is also correlated with declining aluminium saturation. However, other
studies have failed to show this, e. g. Ribeiro et al. (1985), who found tall dense
cerradao on some of the poorest soils they encountered. Some researchers have also
shown that the cerrado gradient of physiognomy is mainly related to the ground
water regime (Oliveira-Filho, 1989; Oliveira-Filho et al., 1990; Furley, 1992),
indicating that the depth of the water-table determines the vegetation type along a
cerrado topo-sequence in Mato Grosso.
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Leguminosae and Vochysiaceae are the most important families in the
communities of cerrado sensu stricto in the National Park; the same families are also
recorded as most important in various studies of the cerrados of Central Brazil
(Ratter, 1980; Nascimento & Saddi, 1992; Felfili & Silva Jr., 1993).
Qualea parviflora (Vochysiaceae) which is the most important species of the
cerrado of the National Park is certainly one of the most important species in the
cerrado of Central Brazil, showing high IVI values in many studies. The results of
Goodland (1979), Ribeiro et al. (1985), Oliveira-Filho et al.( 1989) and Nascimento
& Saddi (1992) indicated that it is the most important tree in the cerrado sensu stricto
of Central Brazil. Another important Vochysiad in the National Park, Qualea
grandiflora, was found to be the most widespread cerrado tree species in the analysis
of 26 areas situated throughout the vast cerrado region of Brazil (Ratter & Dargie,
1992). In the same study other important species of the National Park such as
Aspidosperma tomentosum, Caryocar brasiliense, Connarus suberosus,
Erythroxylum suberosum, E. tortuosum and Kielmeyera coriacea were recorded
amongst the most widespread cerrado species of the Brazilian cerrados.
It is known that the Vochysiaceae are aluminium accumulators (Haridasan &
Araujo, 1988; Medeiros & Haridasan, 1985). These aluminium-accumulating species
are not absolutely confined to acidic or dystrophic soils, but they seem to have a
competitive advantage on them, and this seems to be especially the case for Qualea
spp. (Haridasan & Araujo, 1988).
Qualea grandiflora and 0. parviflora were the most important tree species in
the cerrado sensu stricto sample site CERRADO CAPAO COMPRIDO, which is a
cerrado marginal to the gallery forest of the Capao Comprido stream. The location of
this site marginal to a dry and well-drained patch of the gallery forest and its floristic
composition shows evidence of expansion of the gallery forest species into the
cerrado area. The floristic composition also resembles the dystrophic facies cerradao
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described by Ratter et al. (1973), the expansion of gallery forest into fringing
cerrados in Fazenda Agua Limpa (Ratter, 1980) and the "cerradao das cabeceiras"
(Oliveira-Filho & Martins, 1986) observed in Mato Grosso, which is a characteristic
vegetation type often found marginal to dry and well-drained gallery forest patches.
This characteristic form of vegetation is also found in the fringe of mesophytic
forests in Central Brazil (Ratter et al., 1978a).
The fact that shrubby species became more important along the cerrado
gradient of physiognomy from cerrado sensu stricto to cerrado open scrub (campo
sujo) might be related to the depth of the water-table, since it is well known that the
cerrado sensu stricto only occurs in deep and well-drained soils in Central Brazil
(Eiten, 1972; Furley & Ratter, 1988).
The cerrado communities identified in this study as cerrado scrub and cerrado
open scrub, in which Vellozia Jlavicans, Erythroxylum suberosum, Connarus
suberosus, Roupala montana and Kielmeyera coriacea are the most important
species, might have their distribution in the landscape mainly determined by the
water-table depth. The cerrado scrub with emergents (Vochysietum) in the National
Park of Brasilia is related to geomorphic sites in the disruptions of the relief at the
plateau borders, associated with the presence of an ironstone layer, and the cerrado
scrub site (Vellozietum) is associated with shallow soils in the plateau, where the
water-table is near the surface. These cerrado categories were described by Veloso
(1948) in his studies in the cerrado ofMato Grosso and Goias. Fie considered them as
serai stages of the cerrado continuum. They were found occupying the same
topographic situation and with similar edaphic conditions to those of the equivalent
communities in the National Park.
The most important species found in the cerrado rupestre and campo rupestre
sample sites in the National Park of Brasilia were also considered important species
in the vegetation studies of Fazenda Agua Limpa (Ratter, 1980) in the "cerrados and
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campos dos montes" (cerrado and campos of the hills). The cerrado rupestre
community was also described in the vegetation studies of the Chapada dos
Guimaraes in Mato Grosso (Oliveira-Filho & Martins, 1986). As in the National Park
of Brasilia, the soil of the cerrado rupestre sites develops in the cracks between the
rocks, where the soil and water accumulate. Sclerolobium paniculatum was an
important tree species in these rocky cerrado sites.
The frequency distribution of girth and height size classes of the cerrado woody
species communities had a reversed-J shape (Figs. 27 to 33, p. 137 to 142), with most
of the individuals concentrated in the lower sizes of girth and height.
As a whole, girths from 5 to 15cm included 38% - 80% of the individuals and
the height classes up to 2m contained 63.1% - 85.7% of the individuals. Only 0.1%
of the surveyed plants of the cerrado were large trees > 12m tall. However, trees of
that size do exist scattered throughout the cerrado, except in the cerrado scrub and
open scrub areas. Small trees and shrubs are largely responsible for the appearance of
the cerrado sensu strieto.
The same physiognomic pattern observed in the cerrado communities of the
National Park were found in the cerrado of Fazenda Agua Limpa, within the Distrito
Federal (Ratter, 1980; Felfili & Silva Jr., 1988; Silva Jr. & Silva, 1988) and in a
cerrado area in Mato Grosso (Nascimento & Saddi, 1992), where most of the
individuals are under 10cm diameter with very few trees reaching 45cm diameter.
The reason for the small stature and low density of cerrado trees in the National
Park of Brasilia might be related to frequent fires, which prevent tree recruitment,
eliminate sensitive species (Ratter, 1980; Moreira, 1992), and also promote leaf fall
and damage in the trunks and branches, thus much reducing growth and in the long
term causing mortality (Nascimento & Saddi. 1992; Moreira, 1992).
Dwarf trees of Caryocar brasiliense, Dalbergia miscolobium, Hymenaea
stigonocarpa, Pouteria ramiflora and Stryphnodendron adstringens were found in
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cerrado scrub areas in the National Park. The causes for the abnormal forms of these
cerrado trees were not studied but the observed elongation of the trunk bases, with
successive scars caused by periodic fires suggests that fire might be an important
factor. However, the tendency to dwarfing in cerrado physiognomy with increasing
limiting soil factors has been observed by Eiten (1972) for cerrados covering
Lithosols, by Askew et al. (1971) and Eiten (1975) for interfluvial cerrados at their
poorly drained margins and by Goodland & Pollard (1973) for cerrados with lower
soil fertility and toxic Aluminium levels.
4.9 Conclusions
Typical vegetation communities of the cerrado gradient in the National Park,
from cerrado sensu strieto to campo sujo and other cerrado categories which are also
part of the cerrado continuum, such as cerrado scrub with emergents (Vochysietum),
cerrado rupestre, campo rupestre and campos de murundus were all represented in
the present study. Besides the cerrado communities, this study also considered the
gallery forests sites which clearly show much physiognomic and floristic variation.
Thus, a complete range of flooded, dry semideciduous, head-water ('cabeceira') and
other distinct types of gallery forests were surveyed and are represented by their
floristic and phytosociological parameters.
In this survey 26 samples sites were studied, eight in gallery forests and 18 in
cerrado areas. In total 5304 plants were recorded from 1290 sampling points using
the PCQ method and one cerrado category was surveyed by quadrats (MURUNDU
sample site). In all 76 families, 194 genera and 380 species, from which 71 families,
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140 genera and 284 species belonged to the gallery forest and 39 families, 68 genera
and 121 species were found in the cerrado communities.
The study demonstrates that the diversity of the gallery forest is generally
higher than for the cerrado sites, but cerrado sensu stricto sites present Shannon's
diversity indices similar to some of the dry gallery forest sites and the flooded
BANANAL. However, in general the diversity decreases in the cerrado gradient from
cerrado sensu stricto to cerrado open scrub (campo sujo).
The gallery forests and the cerrado sensu stricto communities of the National
Park had high diversity (3.08 - 4.17) for basal girth > 5cm, when compared with that
found in Atlantic and Amazonian rain forests, from 3.7 - 4.3 for trees >10cm DBH
(Silva & Leitao Filho, 1982), and for other cerrado areas in Central Brazil, from 3.11
- 3.56 for individuals >5cm at 30cm from the ground (Felfili et al., 1993).
The heterogeneity of species distribution in the different sample sites in the
National Park of Brasilia and in other areas of central Brazil shows that a
biogeographically based conservation strategy must be applied, selecting
representative conservation areas to assure maintenance of the maximum possible
level of the biodiversity of the cerrado biome .
The high diversity of the vegetation communities of the National Park
reinforces the importance of the area for the conservation of cerrado biodiversity.
The gallery forest PALMAS and the campo rupestre ARNICAS vegetation
communities are considered the most important in terms of conservation priority in
the National Park of Brasilia, because of the rarity of these habitats.
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The phytosociological data analysed in this research provide information which
make possible future observations and comparisons to understand better the
dynamics of the National Park of Brasilia plant populations. They also contribute to
the search for the determinant factors responsible for the distribution and
maintenance of the vegetation communities of central Brazil.
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Chapter 5
Gradient analysis of the soils and vegetation communities of the
Brasilia National Park
5.1 Introduction
In the preceding chapter the vegetation sample sites were compared and
classified according to their species composition and abundance. Here the sample
sites, species abundance and soil environmental factors are ordinated. The purpose of
these analyses is to detect the existing relationships between vegetation communities,
soil properties and associated land forms.
The phytosociological gradients of cerrado vegetation have been a theme of
discussion since the pioneer ecological studies of Warming in 1892, in Minas Gerais
state, Brazil (Warming & Ferri, 1973). However, Veloso (1946, 1948a, 1948b) was
the first to present a phytosociological classification of the cerrado species
associations through a qualitative direct analysis of gradient. Veloso classified the
plant associations through their visually dominant species and made a representation
of the cerrado vegetation continuum in Mato Grosso and Goias states.
Goodland (1971a, 1971b) carried out the first quantitative phytosociological
study, analysing the cerrado gradient of the Triangulo Mineiro (Goodland & Ferri,
1979). Direct gradient analysis was applied in this study, using a graphic distribution
of species importance along the physiognomic gradient of the cerrado vegetation:
cerradao, cerrado, campo cerrado and campo sujo. Principal Component Analysis
(PCA) was also used in order to ordinate the vegetation. Through these studies the
physiognomic gradient of the cerrado vegetation was associated with a fertility
gradient in the soils.
Lopes & Cox (1977) found the same relationship between vegetation type
and soil fertility in the gradient analysis of the cerrado vegetation of the Distrito
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Federal, Brasilia, although no ordination method was applied in the study. Ribeiro et
al. (1982) and Ribeiro & Haridasan (1990) failed to find a fertility gradient when
comparing areas of dense cerradao and cerrado in the Distrito Federal; again without
the use of ordination techniques.
Ratter (1971) and Ratter et al. (1973, 1978a) made an important contribution
to the knowledge and interpretation of the physiognomic and floristic gradients of the
cerrado vegetation of Mato Grosso and Goias. Developing a direct gradient analysis
relating the species distribution with soil properties, two types of cerradao
(dystrophic and mesotrophic) and the forests on mesotrophic soils were analysed. In
these studies, indicator species of the distinct vegetation types were identified. All
the results of these studies were obtained without the application of ordination
methods.
The assessment and interpretation of vegetation and soil data of Central
Brazil through the application of multivariate analysis computer programs is recent,
but is becoming a common procedure. They are useful tools in the search for pattern
in the ecological parameters associated with the distribution of the vegetation
communities.
In this context, Oliveira-Filho (1984) and Oliveira-Filho et al. (1989)
studying the cerrado vegetation of the Chapada dos Guimaraes in Mato Grosso,
applied the Reciprocal Averaging (RA) and Principal Component Analysis (PCA)
(Gauch, 1982) as classification and ordination methods. In these studies the most
important physiognomic and structural gradients of cerrado vegetation in the area
were associated with periodic soil saturation by the rising of the water table, nature of
the slopes and rockiness of the soils.
Oliveira-Filho et al. (1991) compared five areas of cerrado using three
dissimilarity measures: the Coefficient of Community (CC), the Percentage
Difference (PD) and the Euclidean Distance (ED), according to Gauch (1982).
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Ratter & Dargie (1992) used TWINSPAN and DECORANA to study the
floristic distribution of 26 areas situated more or less throughout the total extension
of the cerrado biome. They found that the latitude, longitude and, most strongly, soil
type (mesotrophic or dystrophic) were the three major gradients in the variation.
Felfili & Silva Jr. (1993) described the preferential group of species
(dominant species), comparing and classifying six samples of cerrado sensu stricto in
Central Brazil. They used the computer program Two-Way Indicator Species
Analysis - TWINSPAN (Hill, 1979a) in their analysis.
5.2 Material and methods
A gradient analysis strategy was carried out in order to determine the
similarity between the vegetation sites sampled in the National Park of Brasilia and
to elucidate their relationships to soil properties .
5.2.1 Variance analysis of soil properties
Initially the existence of a gradient of fertility paralleling the gradient of
vegetation was tested. The soil properties were correlated with the averaged soil
properties of the gallery forests, cerrado sensu stricto, cerrado scrub and cerrado open
scrub. A variance analysis was promoted to test the significance of the observed
differences amongst the averaged soil properties of the vegetation categories.
Spearman's correlation and ANOVA variance analysis method were applied using
the computer program EXCEL.
5.2.2 Multivariate analysis
The ordination and classification techniques were used to organise the
vegetation community data based on species abundance and soil properties.
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The result of an ordination is the arrangement of species and samples in a low
dimensional space so that similar entities are close and dissimilar ones far apart. The
ordination axes define gradients in vegetation which should reflect environmental
gradients. The result of classification is the assignment of species and samples to
classes (Gauch, 1982; Greig-Smith, 1983).
In order to ordinate and classify the vegetation sample sites in the National
Park, the vegetation and soil data were organised in matrices of floristics (presence-
absence of species), species absolute density and soil properties.
5.2.2.1 Detrended Correspondence Analysis - DECORANA
The values of 17 soil properties of the A horizon recorded in 26 soil profiles
in the vegetation sites in the National Park were used by running the computer
program DECORANA, a detrended correspondence analysis (DCA) (Hill, 1979b;
Hill & Gauch, 1980).
DECORANA is a FORTRAN computer program devised to perform a
detrended form of reciprocal averaging (RA). For running this program the soil
variables were standardised for zero mean and unit variance. This transformation was
carried out using the program FITOPAC 2 written and developed by George
Shepherd of the University of Campinas (Sao Paulo state, Brazil). The soil properties
included in this analysis were pH, Al, H + AL, OM, N, Ca + Mg, P, K, C, C/N, A1
Saturation, V, S, CEC, clay, silt and sand.
5.2.2.2 Classification of the sample sites - cluster analysis
A floristic and phytosociological classification of the sample sites in the
National Park was carried out by the Cluster option of FITOPAC 2. In this program a
numerical hierarchical method was applied to classify the surveyed areas. This
method uses agglomerative techniques (Kent & Coker, 1992). A sorting strategy is
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applied by which the set of sampling is progressively allocated to groups on the basis
of the information in the matrix. Similar pairs are fused into the same groups. The
process of fusion selected in the FITOPAC 2 was the average-linkage or group
average, which is based on the minimum average distance between individuals and
groups. It used the unweighted pair-groups method with arithmetic averages
(UPGMA).
5.2.2.2.1 S<t>rensen's similarity index
S(j)rensen's similarity indices were used as row data matrices for the floristic
classification and Morisita's (modified by Horn (1966)) similarity indices were used
as data row matrices for the phytosociological classification.
The calculations of the similarity indices were made as follows:
Sijirensen index (qualitative)
S = 2c / a + b
a = number of species in sample 1
b = number of species in sample 2
c = number of species common to both samples
This index is designed to equal 1 in cases of complete similarity ( that is
where the two sets of species are identical) and 0 if the sites are dissimilar and have
no species in common.
5.2.2.2.2 Morisita's similarity index
Morisita index (Horn, 1966)
The Morisita index measure of community similarity is based on the
probability that two randomly selected individuals from a community will be of the
same species:
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Li = Z Xi (Xi - 1)/Ni (Ni - 1)
Where Xi is the number of individuals in species i in community L, and Ni is
the total number of individuals in community L (Ni = Z Xi); likewise:
L2 = Z Yi (Yi- 1)/Nz (N2- 1)
Where, for community 2, L2 is Simpson's dominance index. Yi is the
abundance of species i, and N2 = Z Yi, the total number of individuals in community
2.
The Morisita index of community similarity (also called Morisita's index of
overlap, Horn, 1966) is:
Im = 2 Z XiYi / (Li + L2) Ni N2
It may range from 0 (no similarity) to approximately 1 (identical). It has the
desirable characteristic of being very little affected by the sizes of the samples. This
index of community refers to the probability that individuals randomly drawn from
each of the two communities will belong to the same species, relative to the
probability of randomly selecting a pair of specimens of the same species from one
of the communities.
5.2.2.3 Detrended Correspondence Analysis - DCCA (CANOCO)
Detrended canonical correspondence analysis (DCCA) was used in order to
study the relationships between species abundances and the quantitative and
qualitative soil properties. DCCA is an ordination technique that incorporates
multiple regressions, with the ordination axes constrained as linear combinations of
environmental variables. DCCA
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Figure 34 - Ordination of the soil properties of Brasilia National Park usThg a



















* c. open scrub
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4 gallery for.
Figure 35 - Ordination biplot of Brasilia National Park sample sites based on soil
properties.
Sample 3ita identification: Gallery forest sitae, A - CEMAVE, B • CRISTAL, C - BARRIGUDA, D -
PISCINA 1. E - PALMAS, F • TRES BARRAS; Cerrado sansu stnctu sites. G ■ CER. CAPAO COMPRIDO,
H • CER. MAT GROSSO, I - CER. NOVO SETOR. J ■ CEH. TORTINHO, K - BARRAGEM, L -
INVERNADA, M ■ CER. TORRE, N CER. PALMAS, Cerredo scrub sites. O • ARNICAS. P - VOCHYSIA 2.
Q - CER. TRES BURACOS 2. R - VOCHYSIA 1. S ■ RAPVELL. T • TREMBEYETUM; Cerrado open scrub
sites. U - CAMPO SUJO MATO GROSSO, V - MURUNDU. W - CAMPO SUJO NOVO SETOR, X - CER.




























Figure 37 - Morisita Index






























SPEC AX 1 1
SPEC AX2 0.31 1
SPEC AX3 0,54 0,58 1
SPEC AX4 -0,52 -0.58 -0,90 1
ENVI AX 1 0.91 0,21 0,34 -0,33 1
ENVI AX2 0,22 0,85 0,30 -0,30 0,24 1
ENVI AX3 0,03 0,52 0,50 -0,45 0,09 0.01 1
ENVI AX4 -o,oo -0,50 -0.4 9 0,45 -0,72 -0,05 -0.99 1
Ca + Mg -0,52 -0.70 -0,4 1 0,40 -0.57 -0,83 -0.83 0,88 1
Al. sat. 0,27 0,49 0, 10 -0. 19 0,30 0,58 0,33 •0,4 1 -0.78 1
Oaap w.t. -0,00 -0.23 -0.1 1 0.12 -0,72 -0.27 -0,22 0,28 0,22 -0.07 1
Mafic •oil -0,07 0,27 -0,13 0.13 -0,74 0,32 -0,27 0,30 0,21 -0,29 0,31 1
Saaa. wit 0,07 -0.27 0,13 -0.13 0,74 -0,32 0,27 -0,30 -0.21 0,29 -0,31 -1.0O
SPEC AX 1 SPEC AX2 SPEC AX3 SPEC AX4 ENVI AX 1 ENVI AX2 ENVI AX3 ENVI AX4 Ca + Mg At.fat. Wt.daap Mafic
Table 43 - Datrended canonical correspondence analysis - DCCA: matrix ol weighted correlations between
the species (SPEC) axis, environmental (ENVI) axis and the environmental variables. Ca + Mg, Calcium plus
Magnesium; Al. sat., Aluminium saturation; Deep w. t.. Deep water-table; Mesic soil; Seas, wet, Seasonal
wet soil.
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□ gallery.for.sp.
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•f (0 , 0)
Figure 38 - Canonical analysis ordination biplot of Brasilia National Park sample sites, woody plant species
and soil properties.
The sample sites are identified as follows: a, CER. TRES BURAC0S1; b, CER. TRES BURACOS 2; c,
VOCHYSIA 1; d. CER. MATO GROSSO; e.CAMPO SUJO MATO GROSSO; f, CER. NOVO SETOR; g,
CAMPO SUJO NOVO SETOR; h, CER. CAPAO COMPRIDO; i, BARRAGEfVl; j, INVERNADA; k, TORRE 1; I,
RAPVELL; m, CER. TORRE; n, VOCHYSIA 2; o, CER. PALMAS; p, CER. TORTINHO; q, ARNICAS; r,
MURUNDU; S, PISCINA 1; T, CEMAVE; U, CRISTAL; V, BARRIGUDA; W, TRES BARRAS; X, PALMAS.
The species are indicated by: 1, Aspidosperma tomentosum; 2, Banisteriopsis la nfolia; 3, Caryocar
brasilianse ; 4, Connarus subarosus var. fulvus; 5, Eremanthus g/omarulatus; 6, Erythroxylum subarosum;!,
E. tortuosum; 8, Kialmeyara coriacaa; 9, Lychnofora aricoidas; 10, Miconia ferruginala; 1 1, Miconia
Hgustroides; 1 2, Neea theifera; 13, Ourataa haxasparma; 14, Psidium myrsinoides; 15, P. warmingianum;
16, Qua/ea grandiftora; 17, Qualea parviflora; 18, Myrsina guianansis; 19, Roupa/a montana; 20, Salacia
crassifolia; 21, Sclarolobium paniculatum var. subvelutinum; 22, Syagrus comosa; 23, Va/lozia flavicans;
24, V. swallanii; 25, Alibartia adulis; 26, Anadenanthara colubrina var. cabil; 27, Attalaa pha/arata; 28,
Bauhinia rufa; 29, Cheiloclinum cognatum; 30, Copaifara langsdorffii; 31, Cupania verna/is; 32, Cyathea
sp.; 33, Eutarpa adulis; 34, Malayba guianansis; 35, Myrcia tomantosa; 36, Swartzia apata/a; 37, Tapirira
guianansis.
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is used to avoid a Guttman effect or arch effect in the ordination results. DCCA also
allows a statistical significance test on the correlations between species abundance
and the environmental variables supplied, which is the Monte Carlo permutation test.
For carrying out these analyses and the Monte Carlo test the program CANOCO
version 3.1 (ter Braak, 1988) was used.
The data of species and environmental variables were organised in two
distinct matrices, as required by DCCA. The species matrix consisted of the values
for the number of individual plants of the species per hectare. Species with less than
100 individuals per hectare in all the samples were eliminated, resulting in a 248
species x 24 sample sites matrix. Rare species have little or no influence on the
results of ordination techniques and their elimination reduces the amount both of
calculation and meaningless results (Causton, 1988). Besides the elimination of rare
species, the downweighting technique was also applied by the program to avoid the
influence of the least abundant species. However, only the most abundant species are
represented in the ordination biplot, as indicators of the distinct sample sites.
The matrix of environmental variables included per sample site all the
chemical and textural fraction figures provided by soil analysis, as well as a matrix of
qualitative variables provided by the soil profile descriptions. These included depth
of the soil profiles, depth of the water table, water regime (mesic, seasonal wet, and
flooded) presence ofmottles, presence of ironstone layer and outcrops, topographical
position of the soil profile (ridge top, middle slope, lower slope and valley bottom,
plateau shoulders, and gallery head), and the soil textural classes (clay, clay loam,
silty clay, sand clay loam, sand loam, loam sand and organic). As indicated by the
program (ter Braak, 1988), the environmental variables were gradually eliminated
from the analysis according to their correlation coefficients with the ordination axes.
Between the variables found covarying, those having weaker correlation with the
ordination axes were also eliminated. The best results were given by the variables Ca
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+ Mg, aluminium saturation, deep water-table, mesic water regime and seasonal wet
(seasonal soil water saturation).
CANOCO yields an ordination biplot in which the distribution of samples
and species scores are represented by points (approximated position of weighted
averages) and the environmental variables by arrows pointing in the direction of
maximum change, the arrow length being proportional to the correlations between
the variables and the axes.
5.3 Results
5.3.1 Testing the vegetation gradient x fertility gradient
Differences in the averaged soil properties were observed in the gradient of
vegetation of the National Park, from the gallery forest to cerrado open scrub (Table
40). Thus, the averaged values of pH, Ca + Mg and P decreased along the vegetation
gradient, while the averaged contents of Al, H + Al, K, N and CEC showed
descending values from the gallery forest to cerrado scrub,but increasing again for
cerrado open scrub. The Al saturation presented increasing values along the
vegetation gradient.
Spearman's correlation coefficient (r) between averaged soil properties (Table
40) and averaged absolute dominance of the distinct vegetation categories, were
strong for Ca + Mg, CEC and N, although Ca + Mg had the strongest correlation (r =
0.935).
Despite the differences among the averaged soil properties and the strong
correlations of some of these properties with the physiognomic gradient of
vegetation, the variance analysis ANOVA (Appendix - 3) shows that most of the soil
properties are not significantly different amongst the vegetation categories.
Nevertheless, the gallery forest sites were significantly different from the cerrado
categories in terms of their contents of P and CEC. For H + Al the difference was
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significant between the gallery forests and the cerrado scrub (campo cerrado) sites,
while for K contents the difference was significant only between the gallery forests
and the cerrado sensu sticto.
5.3.2 Ordination of soil properties
The arrangement of the sample sites according to the soil properties was
based on the results of the detrended correspondence analysis DECORANA. They
are summarised by Figs. 34 and 35 showing the ordination samples and soil
properties in the first two eigenvectors, represented by AXES I and II. The third and
fourth eigenvectors (AXES III and IV) are not shown because they were responsible
for a lesser amounts of variation and tended to repeat patterns that were already
shown by AXES I and II. The eigenvalues corresponding to AXES I to IV were
0.166, 0.150, 0.018 and 0.010, respectively.
The ordination promoted by the program DECORANA with basis in the soil
properties did not sort out the sites sampled in the National Park into similar
physiognomic groups. Thus, the gallery forest areas were not grouped apart from the
cerrado sites, which in turn were not distributed in their different physiognomic
categories by the groups of the ordination diagram.
Nevertheless, AXIS I which is responsible for much of the soil property
variance shows that Ca + Mg and aluminium saturation were the most important soil
factors in the ordination of the sample sites. Potassium, clay, silt and sand were
responsible for much of the remaining soil property variance, being represented by
AXIS II.
The ordination concurs with the idea that the physiognomic gradient of the
cerrado vegetation cannot be explained solely by the soil fertility, even when
associated with the textural fractions clay, silt and sand.
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5.3.3 Phytosociological and floristic classification of the vegetation sample sites
The results of the classification of the vegetation sites of the National Park of
Brasilia using the Cluster option of the program FITOPAC 2 are given in two
similarity coefficients diagrams (Tables 41 and 42) and in two hierarchical cluster
dendrograms (Figs. 36 and 37).
The similarity diagrams show that S<j)rensen indices (presence-absence of
species) were generally higher than Morisita's indices which also consider the
abundance of species. The lower values found for Morisita's indices indicates that the
vegetation communities are more dissimilar in terms of species abundance than
floristically. The similarities between gallery forest sample sites are in general lower
than those amongst cerrado sites, revealing, as is well known, that the gallery forests
are floristically richer and more heterogeneous in species abundance than the cerrado.
PISCINA 1 and CEMAVE are the most similar gallery forest sites with
0.6066 and 0.5743 ofMorisita and S<j>rensen indices respectively. Amongst the forest
sites, BANANAL (flooded) is the most dissimilar, with the lowest similarity indices.
CAMPO SUJO NOVO SETOR and CAMPO SUJO MATO GROSSO are the
closest sites in terms of species abundance. They have the highest Morisita index
(0.8593) of all sample sites in the National Park. However, CERRADO NOVO
SETOR and CERRADO MATO GROSSO showed the highest floristic similarity in
the National Park, with a S(j)rensen index of 0.7619.
TORRE 1 (cerrado open scrub) and MURUNDU (earth-mound fields) have
the overall lowest similarity indices in this classification analysis.
The drier sites of the gallery forests show some floristic similarities with the
cerrado sites. CERRADO CAPAO COMPRIDO was the cerrado site closest to those
of the gallery forest. This proximity is more evident when considering floristic
similarity. The gallery forest site closest to CERRADO CAPAO COMPRIDO was
PISCINA 1 with a similarity of S(j)rensen = 0.2083 and Morisita = 0.0874. The high
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similarity observed between these two sample sites agrees with the phytosociological
data in Chapter 4 which describes the expansion of the gallery forest species in this
marginal cerrado site.
Based on the distances between the sample sites, both clustering procedures
used by FITOPAC 2 (Stjirensen and Morisita indices) were able to separate the
gallery forest from the cerrado sites. But, Morisita indices made a more effective
classification of the gallery forests, giving a hierarchical organisation which is
apparently related to an intrinsic humidity gradient. The water-logged gallery forest
site BANANAL is plotted apart from the other forests in the diagram. The other
gallery forest sample sites seem to be clustered according to the abundance of
characteristic species of damp sites.
Xylopia emarginata, Calophyllum brasiliense, Talauma ovata, Euterpe edulis
appear and rise to their modes on wet areas, and are substituted by Tapirira
guianensis, Ckeiloclinum cognatum, Copaifera langsdorffii, Callisthene major,
Anadenanthera colubrina var. cebil and other tree species on drier ground.
In general Morisita similarity indices were also stronger than Stjirensen
coefficients for clustering the cerrado sites. However, in some cases the opposite
occurred. Thus, the cerrado sensu stricto sites were better grouped by the application
of Stjirensen indices which clustered together five of the six sites. The cerrado
rupestre areas were also grouped together by Stjirensen indices, but were plotted apart
by Morisita indices. So, sometimes the floristic similarities were effective for
grouping the sites studied, but as a whole the abundance of species gave a better
result.
High densities of shrub species such as Myrsine guianensis, Roupala
montana and Vellozia flavicans were responsible for grouping together the sites
VOCHYSIA 1, VOCHYSIA 2 (cerrado scrub with emergents sites), RAPVELL and
TRES BURACOS 2 (cerrado scrub sites). They are localised in very similar
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topographical and edaphic conditions, all covering areas on the border of the plateau
of the Chapada da Contagem, on sandy soils and all except TRES BURACOS 2
have an ironstone layer in the profile (see profile descriptions in Appendix - 2).
CERRADO PALMAS (cerrado rupestre) and ARNICAS (campo rupestre)
appear together in the Morisita cluster diagram, but INVERNADA (cerrado rupestre)
was divided apart from them. However, these two cerrado rupestre areas were
grouped together when using Sijirensen's indices. These three sample sites occupy
similar geomorphic and edaphic sites, with cerrado rupestre on the hill tops and
campo rupestre at the hill flanks, on sand and rocky soils. Miconia ferruginata,
Qualea parviflora, Sclerolobium paniculatum var. subvelutinum, Psidium
myrsinoides and Palicourea rigida were the common species responsible for the
similarities of these sites.
The cerrado open scrub sites CAMPO SUJO NOVO SETOR and CAMPO
SUJO MATO GROSSO with the highest Morisita similarity indices were grouped
together in both dendrograms. These samples occur on very similar topographic and
edaphic conditions on Red-Yellow Latosols which have a shallow water-table during
the rainy season. High densities of shrubs of Connarus suberosus and Kielmeyera
coriacea characterise these sites floristically and structurally.
Given the ideas about distinct clusters formed by FITOPAC 2, it is possible
to determine groups in the dendrograms.
5.3.3.1 Morisita dendrogram (Fig. 37, p. 174)
Six groups from A to F were identified:
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Group A - In this group the gallery forest sites were clustered according to the
abundance of tree species, found on soils with distinct moisture conditions. Thus, the
flooded BANANAL is plotted apart the other forest sites.
Group B - Is represented by the clustering of two cerrado scrub sites (TRES
BURACOS 2 and RAPVELL) and two sites of cerrado scrub with emergents
(VOCHYSIA 1 and 2). These sites present similar topographical situations in their
catenas. They develop on sites near the borders of the plateau where the water-table
approaches the soil surface in the rainy season. Besides that, RAPVELL,
VOCHYSIA 1 and VOCHYSIA 2 have sandy soils with the presence of an ironstone
layer.
Group C - One cerrado rupestre area (CERRADO PALMAS) and the campo
rupestre (ARNICAS) form this group. The abundance of Qualea parviflora, Miconia
ferruginata, Eremanthus goyazensis, Psidium myrsinoides and Byrsonima
coccolobifolia were responsible for the similarity of these sites.
Group D - This group was formed as a result of the dissimilarities of
MURUNDU (earth mound field) with the other cerrado sites. Psidium
warmingianum is an abundant shrub species which gives to the site the observed low
similarity.
Group E - Is represented by the open scrub sample site TORRE 1. This site is
in a shallow and concretionary soil which is water-saturated during the rainy season.
Limiting soil environmental conditions impede the establishment of sensitive
species, this gives the area a low diversity and a low similarity to other areas.
Group F - This includes the cerrado sensu stricto sites, one area of cerrado
scrub (TRES BURACOS 1), one cerrado rupestre (INVERNADA) and two samples
in cerrado open scrub sites (CAMPO SUJO NOVO SETOR and CAMPO SUJO
MATO GROSSO). This cluster can be sub-divided into five sub-groups each with
strong similarity:
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F1 - This is represented by one site alone, the cerrado sensu stricto BARRAGEM. It
has the highest diversity, density and dominance amongst the cerrado sites, and even
higher diversity than some gallery forest sites.
F2 - The cerrado sensu stricto sites CERRADO TORTO, CERRADO TORRE and
the cerrado scrub TRES BURACOS 1 represent this sub-group. The abundance of
Sclerolobium paniculatum var. subvelutinum, Qualea parviflora and Caryocar
brasiliense brings about the similarity of these sites of cerrado sensu stricto and the
common presence of Vellozia flavicans, an abundant shrub species in CERRADO
TORRE and the most abundant species in CERRADO TRES BURACOS 1, places
the cerrado scrub in the same cluster.
F3 - This is formed by the clustering of three cerrado sensu stricto sites and one
cerrado rupestre. CERRADO MATO GROSSO and CERRADO NOVO SETOR
were the most similar sites in the group and the second most similar amongst all sites
studied. The similarity between INVERNADA and CERPA.DO CAPAO
COMPRIDO was strongly influenced by the abundance of Kielmeyera coriacea
which was also mainly responsible for the similarity between the sub-groups F3 and
F4.
F4 - This sub-group is formed by two cerrado open scrub areas which were the most
similar sites amongst all those studied.
5.3.3.2 S(j)rensen dendrogram (Fig. 36, p. 173)
Seven groups from A to E were identified:
Group A - This is represented by the gallery forest sample sites. The
arrangement of the forest sites by their floristic characteristics (presence-absence of
species) grouped the gallery forest site PALMAS, which is a characteristically dry
site near the flooded BANANAL, and the mesic TRES BARRAS. This was caused
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by the presence of a few individuals of Xylopia emarginata (tree species
characteristic of damp soils), found in the stream margin of PALMAS gallery forest.
Group B - Formed by the cerrado scrub site RAPVELL and the scrub with
emergents VOCHYSIA 2. Roupala montana, Rapanea guianensis and Vellozia
flavicans gave the similarity between these sites.
Group C - Represented by MURUNDU and TORRE 1 sample sites. The low
indices of similarity of these sites grouped them in this position.
Group D - This group consists of the campo rupestre site ARNICAS alone. It
is a distinct site both floristically and structurally.
Group E - This is represented by cerrado CAPAO COMPRIDO alone. This
cerrado site was the most similar to the gallery forest sites, because of the presence of
forest species found expanding into this cerrado site.
Group F - This cluster can be sub-divided in three similarity sub-groups:
F1 - This is represented by the cerrado scrub with emergents VOCHYSIA 1.
F2 - This cluster grouped all the cerrado sensu stricto sites except CERRADO
CAPAO COMPRIDO already mentioned.
F3 - This is formed by the cerrado rupestre sites.
Group G - This cluster is arranged by two areas of cerrado scrub and two
areas of cerrado open scrub. They are united by the presence of various shrub species
common to them.
Most of the cerrado sites were grouped together in both dendrograms. The union of
distinct physiognomic categories of cerrado in the same group might be caused by
the fact that the distinct categories of cerrado carry various shrub species in common.
Both dendrograms grouped the sample sites MURUNDU and TORRE 1 together.
They are the most distinct among the cerrado sites, being poorer floristically.
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5.3.4 Detrended Canonical Correspondence Analysis - DCCA
The results of the DCCA are shown in the ordination diagram (Fig. 38),
while Table 43 presents the weighted correlations among the first two environment
and species axes and the environmental variables.
The eigenvalues for the DCCA axes were 0.630, 0.164, 0.0015, and 0.006,
respectively. The cumulative percentage variance accounted by these axes were
50.5%, 67.5%, 0% and 0%. These results indicate that the environmental variables
supplied were apparently sufficient to explain most of the floristic variance among
the sample sites, and that the AXIS 1 was very important.
The Monte Carlo test carried out for the analysis indicated that the species
were significantly related to the environmental variables supplied (P< 0.01).
From these results it can be inferred that the AXIS 1 was mainly a
hydrological gradient while the AXIS 2 was mainly a gradient of Ca + Mg contents
in the soils and, at a lower level, aluminium saturation. The highest negative
correlations with AXIS 1 were mesic soils and deep water-table. A positive
correlation was found with seasonal wet soil.
AXIS 2 was highly and negatively correlated with Ca + Mg and positively
correlated with A1 saturation, but this was not a strong correlation. The correlations
obtained between the environmental variables show that only Ca + Mg and A1
saturation were correlated (negatively), the other environmental variables were
uncorrelated.
The qualitative variables, seasonal wet soils, deep water-table and mesic
water regime represented by AXIS 1 characterise a humidity gradient of the soils in
the National Park. They seem to be the most important factors controlling the
distribution of vegetation from gallery forests to cerrado open scrub (campo sujo),
covering 50.5% of the variance of the species distribution.
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The gradient of Ca + Mg and aluminium saturation was shown to be the
second most important factor, responsible for 27% of the variance of the species
distribution in the National Park communities.
The gallery forests and cerrado sample sites are situated in distinct regions of
the ordination biplot. Euterpe edulis and Cyathea sp., which occur in dense
populations in damp places in the gallery forests, and Connarus suberosus var.
fulvus, Neea theifera, Vellozia flavicans, Erythroxylum suberosum and E. tortuosum
all important species in the shrubby categories of cerrado (scrub) sample sites, are
plotted at the opposite sides of the ordination biplot.
The gallery forest sites are generally associated with mesic water regimes,
deep water-table is related to cerrado sensu stricto sites, whilst the sites which relate
to seasonal influences of the water-table (seasonally wet) are represented by cerrado
scrub (campo cerrado) and cerrado open scrub (campo sujo).
The ordination of the sample sites by AXIS 2 was much less discriminating
and the separation of the gallery sites in the biplot was stronger than for the cerrado
sites. The gallery forest site PISCINA 1 which was found on a dystrophic soil is
plotted near CEMAVE which is an eutrophic site. Cerrado sites such as RAPVELL,
VOCHYSIA 1 and 2 plotted between the gallery forests and the cerrado sensu stricto
sites were expected to appear positioned near the cerrado scrub sites. These
unexpected site positions was caused by the existence of sites similar in species
composition and abundance occurring in different environmental soil conditions,
giving rise to noise in the analysis.
The most important result shown in this DCCA is that the vegetation gradient




Despite the strong correlations found between the structural gradient of
vegetation and the soil properties in the National Park, it cannot be claimed that soil
fertility is necessarily the most important factor determining the distribution of
distinct vegetation communities. The variance analysis of the soil parameters in the
area shows that significant differences in soil properties were detected only between
the gallery forests and the cerrado sites; no important variation was revealed amongst
the cerrado categories. Besides this, the ordination of the sample sites by their
chemical and textural soil properties failed to cluster similar structural vegetation
types together, although the nutrient rich sites were separated from the majority of
nutrient-poorer ones in the ordination biplot.
All these facts emphasise the assertion that the physiognomic vegetation
gradient in the cerrado region cannot be explained by soil fertility alone (Furley &
Ratter, 1988; Haridasan, 1992).
In the literature, specific studies have often been quoted when the gradient of
fertility of the cerrado is discussed. Some authors considered soil fertility to be a
major determinant of the wide and diverse physiognomic gradient encountered in the
cerrado vegetation (Eiten, 1972; Queiroz Neto, 1982). Goodland & Pollard (1973)
worked with cerrado vegetation and soils in Minas Gerais, ranging from campo sujo
(cerrado open scrub) to cerradao, and found a significant correlation between the
increased production of woody vegetation and level of phosphorus, nitrogen and
potassium in the surface soil horizons, while Lopes & Cox (1977), who studied 500
sites covering much of the cerrado of central Brazil encountered the same
relationship. However, Ribeiro (1983) registered no significant differences in soil
fertility between a well developed cerradao and sparser cerrado forms nearby.
Furley & Ratter (1988) suggested that the explanation of these contradictory
results lies at least partly in the occurrence of two floristically and pedologically
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different forms of cerradao, the mesotrophic and dystrophic facies. Ribeiro (1983)
compared a site of dystrophic cerradao with an area of cerrado sensu stricto, which
are vegetation types which occurs on similar soil conditions, as was first
demonstrated by detailed studies in Mato Grosso (Ratter, 1971; Ratter et ah, 1973).
Although the evidence obtained from the variance analysis (ANOVA) of the
soil properties among the vegetation categories in the National Park indicates the
absence of a fertility gradient, some richer soils were observed either in gallery forest
sites such as CEMAVE and CRISTAL or in some cerrado sensu stricto sites such as
CERRADO MATO GROSSO and CERRADO CAPAO COMPRIDO. However, as
expected none of the scrub categories had high levels of nutrients.
Ratter (1980) and Furley (1985) studying the vegetation and soils of Fazenda
Agua Limpa in the Distrito Federal also found patches of cerrado vegetation,
characterised by the presence of semideciduous trees of Luehea paniculata, on soils
rich in Ca and Mg within more typically dystrophic surrounding cerrado areas.
Deciduous or semideciduous forests occur as climax vegetation of better soils
(Ratter et ah, 1978a; Furley & Ratter, 1988; Ramos, 1989). The mesotrophic
cerradao generally occurs at the margins of the deciduous forests with intermediate
levels of soil fertility between that of the more dystrophic forms of cerrado and that
of the deciduous forest (see Table 7). The dystrophic facies cerradao is found on
more dystrophic soils with the similar soil characteristics of those occupied by the
cerrado, as described by Ribeiro (1983).
Apparently, the distribution of the dystrophic cerradao seems to be limited to
the same topographical position occupied by cerrado sensu stricto over old
geomorphic surfaces, on well-drained, deep and poorer Latosols. Dystrophic cerradao
is very widespread in central Brazil, and it seems probable that in the past, before the
advent of frequent man-made fires, the dense arboreal forms of cerrado were more
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common and covered a much larger area than they do today (Warming, 1892; Furley
& Ratter, 1988).
Considering the mesotrophic cerradao as a component of the cerrado
vegetation continuum, we can agree with the idea that the distribution of cerrado
communities are in part determined by the fertility gradient. It is therefore possible to
concur with the hypothesis of the existence of two main axes (gradients) which
determine most of the variation in the distribution of the savannas. These are
represented by the available plant nutrient (PAN) and the available plant moisture
(PAM) (Frost et al., 1986; Goldstein & Sarmiento, 1987; Solbrig, 1990).
In the National Park of Brasilia the gallery forest sites CEMAVE, CRISTAL
and BARRIGUDA, and the cerrado sensu stricto sites CERRADO MATO GROSSO
and CERRADO CAPAO COMPRIDO revealed higher contents of nutrients.
Accordingly, these sample sites were located in the ordination biplot regions of richer
soils. So, for these sites the distribution of species and the physiognomy might be
influenced by the fertility gradient.
Thus, CEMAVE and CRISTAL showed indicator species of better soils such
as Anadenanthera colubrina var. cebil and Astronium fraxinifolium. BARRIGUDA
has a species distribution which resembles the "cerradao das cabeceiras" (cerradao of
the head waters) described by Oliveira-Filho & Martins (1986). Pseudobombax
tomentosum is a characteristic species of Ca rich soils in the cerrado, while
Guettarda viburnoides is found in mesotrophic semideciduous forest (Ramos, 1989).
Both species were registered in CERRADO CAPAO COMPRIDO. However,
Sclerolobiam paniculatum var. subvelutinum and Blepharocalyx salicifolius which
are indicator species of dystrophic facies cerradao were registered in CERRADO
MATO GROSSO.
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A gradient of Ca + Mg and aluminium saturation was detected by the
detrended canonical correspondence analysis CANOCO, showing that 27% of the
variance of the species-environmental relations was explained by this parameter.
The core area of cerrado is in a tropical semi-humid climate with 1300 -
2200mm precipitation per year and 2 - 5 months drought (Koppen Aw - type). Such a
climate favours the expansion of forests and, according to Emmerich (1990), a
semideciduous forest would be expected as the zonal vegetation. In fact this agrees
well with observations: in central Brazil semideciduous forests are the climax
vegetation of better soils, while cerrado is confined to the great extensions of poorer
soils (Furley & Ratter, 1988).
A dynamic process of expansion and retreat of the forest margins in contact
with cerrado vegetation caused by fires has been observed in the National Park.
Characteristic species of cerradao such as Callisthene major, Copaifera langsdorffii,
Blepharocalyx salicifolius, Plathymenia reticulata, Eriotheca pubescens and
Pseudobombax tomentosum are commonly found in cerrado sensu stricto sites on the
margins of gallery forests. These observations suggest that succession processes are
operating in these sites but are being inhibited by fire (Ratter, 1980, 1991, 1992).
The interplay of dry, fire-prone years, and wet fireless years determines
changes in the composition and structure of these vegetation communities. Fire has
been indicated as an important factor responsible for physiognomic and floristic
gradients. It is well known that regular dry season fires tend to suppress woody
vegetation, particularly young plants, in many savanna areas around the world
(Coutinho, 1982; Sarmiento, 1984; Trollope, 1984).
Based on the effects of fire protection on different cerrado physiognomies,
Moreira (1992) concluded that fire is a major determinant affecting composition and
structure of cerrado vegetation. In fact fire protection induces gradual changes in
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density of tree species leading to denser arboreal communities (Menaut, 1977; San
Jose & Farinas, 1983; Frost & Robertson, 1987; Moreira, 1992).
Succession from cerrado to cerradao has been reported. Coutinho (1982,
1990) related that 43 years of fire and cattle grazing protection of a campo sujo (open
scrub) in Pirassununga, Sao Paulo State brought about a gradual and progressive
increase in the woody vegetation. The original campo sujo gradually became denser,
transforming into cerradao. Ratter (1980) discussed a succession from cerrado to
cerradao in the Distrito Federal and in N. E. Mato Grosso in Ratter et al. (1973,
1978b), and in the discussion on forest-savanna boundaries (Ratter, 1992).
Distinctive communities were observed in the margins of gallery forests in
the areas of contact with cerrado vegetation. The evidence from the high frequency of
fire in the area suggests that the composition and structure of such communities is
mainly determined by fire. Callisthene major, Plathymenia reticulata, Copaifera
langsdorffii, and Myrcia tomentosa are common species of the communities. Once
established, these species seems to be fire tolerant, surviving the periodic burns, and
providing shade for the re-establishment of fire sensitive forest species.
The Detrended Canonical Correspondence Analysis (DCCA) indicated a
moisture gradient as the most important factor in the distribution of the vegetation
communities in the National Park. This gradient is described by other authors as one
of the determinants of the savannas. It is represented by the axis of available plant
moisture - PAM (Frost et al., 1986; Goldstein & Sarmiento, 1987; Solbrig, 1991).
Soil moisture controls many of the most clear differences in vegetation in the cerrado
landscape. In general cerrado trees only occur on soils which are well- drained
throughout the year. Swampy gallery forest is found where the water-table is
permanently high. The cerrado scrub and cerrado open scrub are believed to represent
catenas of gradual changes in the soil moisture. The former are found at higher
positions in the catena and the latter are found where the water table oscillates near
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the surface during the rainy season (Macedo & Bryant, 1987). The pattern is well
represented by the DCCA ordination data of the sample sites and species of the
National Park (Fig. 38).
Ratter & Dargie (1992) did not consider the moisture gradient in their
multivariate analysis of 26 cerrado areas in Brazil. Their analysis revealed latitude,
longitude and, most strongly, soil type (mesotrophic or dystrophic) as major
gradients. However, detailed soil information was computed in the analysis but little
habitat information was available for many sites.
Furley & Ratter (1988) describing the soil resources and plant communities
of central Brazilian cerrados, associated the distribution of the communities in part
with the soil properties (mesotrophic or dystrophic). They associated many of the
most obvious distinct cerrado categories to the moisture gradient, such as cerrado of
Curatella americanatByrsonima crassifolia and campos de murundus.
The ordination analysis of the National Park sample sites was highly
significant, representing 67.5% of the species-environment relations variance. The
remaining non-explained species-environment relations might be attributed to
"noise" in the data.
Replicate community samples are rarely identical, depending on the sample
size, the precision of measurements or estimates, the number of species, and so on.
The variation in species composition of the samples of a data set is due, in part, to
interesting variation in environmental factors and, additionally, to uninteresting
noise. The data is "noisy" in that samples from identical environmental conditions
are not identical in species composition and vice-versa. Consequently, the data reflect
partly interesting structure and partly noise. The biological causes of noise are
complex and include chance distribution and establishment of individuals, animal
activity, local disturbances, and environmental heterogeneity at scales below that of
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the sample area. Noise also results from statistical limitations of finite samples and
from limitations in measuring or estimating species abundance (Gauch, 1982).
PICINA 1 gallery forest site contained indicator tree species of mesotrophic
soils, although the analysis shows the contrary, that the soils are in fact dystrophic.
However, the sample site was ordinated near CEMAVE which is a semideciduous
forest on mesotrophic soil. It would certainly be of value to carry out a re-analysis of
the PISCINA 1 soils to try to elucidate the situation.
The cerrado rupestre and cerrado scrub with emergents (Vochysietum) sites
were located near the cerrado sensu stricto sites in the analysis because of similarities
in species abundances. However, these communities have important differences in
soil environmental conditions, which are determined by the presence of sandstone
outcrops (cerrado rupestre) and an ironstone layer (cerrado scrub with emergent).
Besides these soil differences they are found on very peculiar topographic features
which also characterise the communities. The cerrado rupestre areas are found on
rocky hill tops and the cerrado scrub with emergents develops on ironstone outcrops,
on relief fault at the tableland borders. In both cases, sites similar in species
abundances, occurring on distinct soil environment conditions, caused noise in data
analysis, as can be seen by their positions in the ordination biplot.
5.5 Conclusions
The multivariate analysis of the species abundance and soil properties of the
National Park of Brasilia was able to explain most of the pattern of the vegetation
communities in the landscape.
The ordination of the species and sample sites shows that the moisture and
fertility gradients were regarded as the primary determinants of the vegetation
distribution of the National Park. This conclusion concurs with the concept of a
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PAM-PAN plane intended "to produce a classification of the world's savannas based
upon an ordination of actual sites in relation to these indices" (Frost et al., 1986).
The available plant moisture gradient (PAM) which is associated with
geomorphological characteristics of the landscape was shown to be the first
determinant of most of the obvious differences in the vegetation gradient. The
available plant nutrient (PAN) was the second axis in the vegetation distribution.
Fire might be considered the third factor related to the gradient of vegetation,
either preventing sensitive species of cerradao or gallery forest from expanding into
the cerrado areas or changing dense arboreal forms of cerrado into more open treeless
cerrado types.
Finally, lithologic and edaphic features associated with the topographic
situation, such as presence of ironstones at the borders of the plateau (Chapada da
Contagem) and existence of sandstone outcrops on hill watersheds in some
interfluves of the National Park, were indicated by the classification analysis of the
sample sites as complementary factors to the gradients of moisture and fertility in the





Cerrado originally covered 2 million km2, representing about 23 % of the
total area of Brazil. It is an ancient vegetation with a rich flora, consisting of at least
1000 species of trees and shrubs, and many times that number of herbs and sub-
shrubs. According to a report for the WWF (Ratter, 1991) relating to the conservation
situation of the Brazilian cerrado vegetation, the cerrado vegetation has suffered
greatly during the last two decades from the impact on a massive scale of intensive
agriculture and charcoal burning . It has been estimated that approximately 50% of
the cerrado is now destroyed. This represents about 1 million km2. Only 20,000 km2
representing 1.2% of the cerrado biome is protected in Parks (Dias, 1992). An
increase of protected areas is necessary to preserve the biodiversity of the cerrado
(Ratter, 1991), but it is also urgent to understand better how to conserve the
biodiversity represented by the established reserves.
The protected areas are suffering various types of stress such as fire and
pollution, generally originating from surrounding man-made habitats. In the absence
of appropriate management techniques, many reserves in the cerrado region are
becoming smothered by the invasive African grasses, Melinis minutiflora (capim
gordura) and Brachiaria sp. and by the giant fern Pteridium aquilinum (bracken)
(Ratter, 1991).
Fire is a seasonal event affecting the cerrado vegetation in the National Park.
No evaluation of its significance in the area has been carried out up to the present.
Melinis minutiflora and Brachiaria sp., which were introduced into the region to
improve cattle production, are now competing with the cerrado species. Melinis
minutiflora is now dominating many cerrado areas in the National Park, forming a
dense blanket of vegetation which smothers and eliminates the natural ground layer
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of native species. The giant fern Pteridium aquilinum dominates some forest gaps
impeding natural regeneration. These facts were also mentioned by Ratter (1991) for
the cerrado region of central Brazil and by Ratter et al. (1988) for the southernmost
area of cerrado still in existence at Angatuba, Sao Paulo State.
The basic question formulated in the introductory chapter arose from a
necessity to understand relationships between vegetation communities and the
environmental and ecological factors determining their distribution and maintenance.
Chapter 4 provides the first part of this information through analysis of the floristics
and phytosociological parameters of the vegetation communities; while Chapter 3
characterises the soils on which they occur. The working hypothesis answering the
question is provided by the gradient analysis in Chapter 5 which detects the most
important environmental factors determining the distribution of the vegetation
communities. The ordination of species abundance with soil properties reveals that
soil moisture is the most important gradient, explaining most of the variance of the
species distribution and soil factors. Soil contents of Ca + Mg and Al saturation
characterise another gradient, represented by the second ordination AXIS, which
corresponds to 27% of the variance of species distribution.
Other soil properties were less important, and covaried with the more
significant ones discussed above. However, the topography, the rockiness of the
terrain and the presence of an ironstone layer in the soil profiles were indirectly
indicated as important factors in the distribution of some vegetation communities
such as cerrado rupestre, campo rupestre and cerrado scrub with emergents
(Vochysietum). The topography was also associated with the moisture gradient in
catenary associations, producing typical toposequences of cerrado vegetation
communities. Cerrado sensu stricto occurs on well-drained soils at the upper parts of
the table-land. Cerrado scrub and cerrado open scrub are found on the slopes of the
catena, according to the depth of the water-table. Gallery forests generally occur in
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the valley bottom, but sometimes extend to higher sites over the valley slopes. In
these conditions floristics and structure of the forest change according to the moisture
gradient, from damp to dry semideciduous forest. The clarification of the importance
of water status will depend upon detailed instrumentation and monitoring, and
represent an important future direction of research.
The structure and floristic composition of the gallery forests also vary along
the watercourses, according to soil conditions. Thus, drier patches on Cambic soils,
carry some deciduous tree species. Other sites occur on deep and well-drained
Latosols, such as in the head-water gallery forests and other distinct patches, where
forest is expanding into the cerrado areas. Finally, the flooded gallery forests on
organic, hydromorphic soils have distinctive plant populations with a few
characteristic dominant species.
Based on the results of this work, some practical applications for the
management of the National Park can be suggested:
6.1 Priority vegetation communities for protection.
1. A number of sites contain semideciduous forest with a characteristic flora
occurring over more fertile soils. Although these forest types are widespread in
central Brazil, they are extremely vulnerable since the soils are valuable for
cultivation. There are certainly extremely few conserved areas of this vegetation so
their protection in the Park is of great importance.
2. The cerrado rupestre and campo rupestre occur in limited areas, carrying
characteristic species such as Lychnophora ericoides and the rare Vellozia swallenii,
an endemic species of the rupestre vegetation.
6.2 Fire management
As a consequence of the high frequency of fire in the National Park, a
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prevention and management program has been practised since 1986. However, it is
based mainly on rule-of-thumb experience without scientific guidance. As a result of
the present research, some relationships between fire and vegetation communities can
be inferred. Based on the following inferences, some fire management guidelines can
be suggested:
1. Some cerrado sensu stricto sites revealed soil properties similar to those of
mesotrophic facies cerradao (Ratter et al., 1973). The high frequency of fire in these
areas is likely to be an important determinant of the physiognomy and species
distribution. It can be deduced here that fire is impeding these vegetation
communities from establishing cerradao, or at least a denser arboreal cerrado.
2. At the fringes of gallery forest abutting on cerrado vegetation there are
characteristic vegetation communities, similar to dystrophic facies cerradao (Ratter,
1973) or the cerradao das cabeceiras, described by Oliveira-Filho & Martins (1986)
in Mato Grosso State. The dynamics of these communities seem to be strongly
affected by periodic burning. Some tree species such as Callisthene major and
Myrcia tomentosa, once established, are able to survive the seasonal fires (personal
observation). They become dominant trees at the margins of the forests. On the other
hand, sensitive species such as Siphoneugena densiflora require much greater periods
without fire to establish successfully.
3. Mortality of campo rupestre species such as Lychnophora ericoides and Vellozia
sp. was observed after fires. This indicates that fire is changing the vegetation
structure in this endangered community.
The vegetation communities mentioned above might be considered as
priorities in the fire management plan, and specific efforts need to be applied to
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suppress the burning in these areas. As a consequence of fire control it is expected
that the cerrado sites on mesotrophic soils would gradually change to a cerradao, or a
denser cerrado, while the gallery forests would expand into adjacent cerrado areas.
Nevertheless, control and reduction of fires must be monitored carefully to
increase our knowledge of the dynamics of the plant populations. This will help to
determine the correct role of fire in the maintenance of the National Park vegetation
communities.
6.3 Permanent monitoring of the vegetation communities.
One of the main purposes of this research was to provide the National Park
with a permanent set of vegetation and soil plots, to furnish basic information
through continuous monitoring.
To this end floristic, phytosociological and soil parameters of the most
important woody plant communities of the National Park were established.
Continuity of these studies is paramount for an understanding of the dynamics of the
plant populations to be protected.
6.4 Further suggestions
1. The soil studies revealed the inadequacy of the EMBRAPA soil survey map to
represent the soil units in the National Park, and thus provide the necessary detail for
management purposes. As a consequence, it is very important to provide the area
with a complete systematic soil survey, compatible with management necessities.
2. Since the hydrological gradient was demonstrated as the most important
determinant factor of the distribution of most of the vegetation communities,
permanent stations to register water-table depth and soil moisture need to be
established in different vegetation communities. The data provided by such stations
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will help to improve the understanding of the relationships between drainage, soil
water, seasonal changes in ground water, and the vegetation communities.
3. As indicated in this study, fire is an important ecological factor determining the
structure of the vegetation. Management priorities might be considered to evaluate
the impact of fire. Initially, emphasis needs to be given to rare vegetation
communities, such as the rupestre areas. Cerrado sensu stricto on mesotrophic soils,
and characteristic communities found at the fringes of cerrado - gallery forests are
also priority areas for this purpose.
4. The dymamics of the population of indicator species of distinct communities,
including the reproductive biology of such species, are also of great importance for a
better understanding of their ecology. These species are responsible for much of the
structure of the vegetation communities. Understanding their dynamics will provide
guidelines for conservation strategy in the management of the National Park.
5. Nowadays, researchers discuss the effects of past climates on natural communities,
with emphasis on refugia during the Pleistocene climatic fluctuations. Ecological
reserves such as the National Park of Brasilia will probably be the refugia of the
modern "anthropogenic period", and in the future they may act as centres of diversity
and species dispersion. Hopefully records will be sufficient to allow mapping with
less difficulty and disagreement than has been the case of the Pleistocene refugia.
The present research set out to provide a platform for the scientific
management of the National Park. It has succeeded in giving a framework for a better
understanding of woody plant communities, soils and geomorphology, whilst
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highlighting those areas of study which remain to be undertaken. There have been
many difficulties in performing the task: it was hard, but now it is done.
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Appendix 1
EMBRAPA Soil Map Units in the National Park
Dark-Red Latosols
LEdl - Dark-Red Latosol Allic or Dystrophic, moderate (ochric) A epipedon or
proeminent (umbric) A epipedon, clay texture, semideciduous forest phase, level and
gently undulated relief.
LEd2 - Dark-Red Latosol Allic or Dystrophic, moderate A, clay texture,
semideciduous cerradao phase, level and gently undulated relief.
LEd3 - Dark-Red Latosol Allic or Dystrophic, moderate A, clay texture
semideciduous cerrado phase, level and gently undulated relief.
LEd6 - Dark-Red Latosol Allic or Dystrophic, moderate A, medium texture,
semideciduous cerrado phase, level and gently undulated relief.
Red-Yellow Latosols
LVdl - Red-Yellow Latosol Allic, moderate A, clay texture, semideciduous cerrado
phase, level and gently undulated relief.
LVd4 - Red-Yellow Latosol Allic, moderate A, clay texture, campo cerrado phase,
level and gently undulated relief.
LVd6 - Red-Yellow Latosol Allic, moderate A, medium texture, semideciduous
cerrado phase, level and gently undulating relief.
LVd9 - Red-Yellow Latosol Allic, moderate A, medium texture, campo cerrado
phase, level and gently undulated relief.
LVdlO - Red-Yellow Latosol Allic, moderate A, medium texture, campo cerrado
phase, level and gently undulated relief, concretionary substratum.
LVdll - Red-Yellow Latosol Allic, concretionary moderate A, clay texture very
gravelly, semideciduous cerrado phase, level and gently undulating relief.
LVdl3 - Red-Yellow Latosol Allic, concretionary moderate A, clay texture very
gravelly, campo cerrado and campestre phase, level and gently undulating relief.
LVdl4 - Red-Yellow Latosol Allic, slightly drained, moderate A, clay texture,
campo cerrado phase, level and gently undulated relief.
Cambic soils
Cd3 - Cambic soil Allic, low activity clay, moderate A, clay texture gravelly,
semideciduous forest phase, relief gently undulating, phyllite, schist, metasiltite and
slate substratum.
Cd4 - Cambic soil Allic, low activity clay, moderate A, clay texture gravelly,
semideciduous forest phase, undulate relief, phyllite, schist, metasiltite and slate
substratum.
Cdl2 - Cambic soil Allic, low activity clay, moderate A, clay texture gravelly
concretionary, campo cerrado and campestre phase, level and gently undulated relief,
phyllite, schist, metasiltite, and slate substratum.
Cdl4 - Cambic soil Allic, clay of low activity, moderate A, clay texture gravelly
concretionary, campo cerrado and campestre (grassland) phase, strongly undulating
and mountainous relief, phyllite, schist, metasiltite and slate substratum.
Cdl8 - Cambic soil Allic, shallow low activity clay, moderate A, medium texture
gravelly, campo cerrado and campestre phase, strongly undulating and mountainous
relief, quartzite substratum.
Cdl9 - Cambic soil Allic, shallow low activity clay, moderate A, medium texture
gravelly, campo cerrado and campestre phase, strongly undulating and montainous.
Hydromorphic soils
Hi3 - Indiscriminated Hydromorphic soil, campo higrofilo de surgente (seepage
hydromorphic grassland), level and gently undulating relief.
HLd - Dystrophic Hydromorphic Laterite, moderate A, clay texture, campo higrofilo
de surgente, level relief, concretionary substratum.




Parque Nacional de Brasilia soil profiles: PN 1
Date: 19/09/90; clear, sunny





(A00): 3-0cm; litter on/within grass
(Al): 0-10cm; red to dark red, dry (2.5YR 4/6-3/6); silty clay; granular, rounded,
very variable predominantly very small, moderate structure, including a few very
hard clay nodules; many very small pores; pressure surfaces; slightly hard
consistency with very hard nodules; medium and fine root mat; abundant termite
activity; gradual, horizontal boundary
(A2): 1 l-27cm; red to reddish brown, damp (2.5YR 4/4-4/6); silty clay; blocky, sub-
angular, large moderate structure; many very small pores; damp firm consistency;
medium, fine, and some larger (to 1 5cm diam ) roots, abundant termite activity;
gradual, horizontal boundary
(Bl): 28-78cm; red, damp (2.5YR 4/6); clay, with strong clay nodules; blocky, sub-
angular large, moderate structure; many very small pores; damp firm consistency;
many fine and medium roots, with some larger (to 2cm diam ); diffuse, horizontal
boundary
(B2): 79-140+cm; red, damp (2.5YR 4/8); clay; blocky, sub-angular, large, weak
structure; many very small pores; damp, very friable consistency; frequent medium
and some fine roots
Parque Nacional de Brasilia soil profile: PN 2
Date: 19/09/90; clear, sunny
Location: 30m from track, around 1km further along the track and sloping down






(A00): 5-0cm, incorporated in grass (compacts to < 1cm)
(Al): 0-10cm; strong brown, damp (7.5YR 4/6); clay loam; granular, sub-angular,
very large, weak structure; many very small pores; damp friable consistency; many
small and medium and frequent large (>2cm) roots; numerous termites; clear,
horizontal boundary
(A2): ll-20cm; yellowish red, damp (5YR 4/6); clayey loam, few clay nodules;
granular, sub-rounded, medium, weak structure; many very small pores; damp,
friable consistency; many small and few larger (to 1cm) roots; gradual, horizontal
boundary
(Bl): 21-38cm; yellowish red, damp (5YR 4/6); silty clay with small strong clay
nodules; blocky, sub-angular, medium, moderate structure; many very small pores;
damp, friable consistency; many small, some medium and a few larger (1cm diam.)
roots; gradual, horizontal boundary
(B2): 39-150+cm; red, damp (2.5YR 4/8); clay with small strong clay nodules;
blocky, sub-angular, large, weak structure; many very small pores; damp, very friable
consistency; many medium and a few larger (1cm diam.) roots
Parque Nacional de Brasilia soil profiles: PN 3
Date: 19/09/90 (clear, sunny)
Location: top of earth mound (murundu), lower end of topographical sequence (PN1-
PN3); draining S-SE to a gallery forest head of the Acampamento stream
Soil class: HLd
Vegetation: campo de murundus; cerrado vegetation on top of the murundus (earth
mounds)
Slope: 0° (flat top); overall gentle slope S-SE
Drainage: good to the bottom of profile (c. 160cm), where a seasonal water-table is
found
(A00): 3-0cm; tussock trapping grass debris and a few leaves; compacts to <lcm
(Al): 0-7cm; brown, dry (10YR 5/3); clay, with small hard clay nodules; granular,
sub-rounded, large breaking to predominantly medium, moderate structure; many
very fine pores; damp, friable consistency; few fine, many medium and isolated
larger (<lcm) roots; evidence of ants and termites but no galleries visible; gradual,
horizontal boundary
(A2): 7-25cm; brown to dark brown, humid (10YR 4/3); silt clay, with a few fine
sand grains and casts evident with a hand lens; blocky, sub-rounded, large, moderate
structure; many fine pores; humid friable consistency; many medium and a few
larger (<lcm) roots; numerous ants; clear, horizontal boundary
(A3): 26-57cm; brown, damp (10YR 5/3); silt clay, with fine sand grains and casts
evident with a lens; blocky, sub-angular, large, moderate structure; many small
medium and large pores (faunal channels); damp, firm consistency; many medium
and occasional larger roots; clear, horizontal boundary
(Bl): 58-88cm; yellowish brown, (10YR 5/4-5/6); clay; blocky, angular, large, weak
to moderate structure; many small and very small pores; damp firm consistency;
many medium roots and a few larger (to 2cm diam.); diffuse, horizontal boundary
(B2): 89-160cm, (water-table); yellowish brown, very damp (10YR 5/6); slightly
sandy clay; blocky, angular, large, weak structure; many very small pores; damp,
plastic, sticky consistency; frequent medium roots
Parque Nacional de Brasilia soil profiles: PN 4
Date: 20/09/90 (clear sunny)
Location: 30m into the forest from paved track, above the swimming pool (Piscina 1)
Soil class: Cd4
Vegetation: Mesophytic Semideciduous Forest
Slope: 2° ( upslope 5° and sharper drop downslope)
Drainage: good
(A00); 5-lcm leaf litter
(AO): l-0cm advanced stage of decomposition of litter
(Al): 0-22cm; black, damp (10YR 2/1); silt clay, with gravel; granular, sub-angular,
large, moderate structure; many very small pores; damp, friable consistency; fine root
mat, many medium and a few larger roots (to 4cm diam.); clear, horinzontal
boundary
(A2); 23-40cm; very dark brown, damp (10YR 2/2); silt clay, with much small
gravel; blocky, sub-angular, large, moderate structure, , breaking to granular, sub-
angular, medium, moderate; many very small pores; damp friable consistency; a few
weak pressure surfaces; many fine, common, medium and a few larger (to lcm
diam.) roots; gradual, horizontal boundary
(A3): 41-51cm; very dark greyish brown, damp (10YR 3/2); silt clay with some loose
sand and much gravel; blocky, sub-angular, large,, weak structure, breaking to
granular, sub-rounded, small, weak; a few weak pressure surfaces; many small pores
and larger voids between stones; damp, very friable consistency; many fine, common
medium and few larger roots; clear, horizontal boundary
(IIC): 52-108cm; reddish yellow, damp (5YR 6/6), matrix patches of rock colour,
weak red (5R 5/2) with patches of oxidised clay, yellowish red (5YR 5/5); massive;
rare medium roots; clear horizontal boundary
(IIIC): 109-125cm; rock, weak red (5YR 5/2); massive
Parque National de Brasilia soil profiles: PN 5
Date: 20/09/90
Location: forest margin a track to Cristal Agua, by the side of a pipe
Soil class: LEdl
Vegetation: Ecotone ( gallery forest - cerrado)
Slope: 5° facing NE
Drainage: good
(A00): 7-3cm; leaf litter
(AO): 3-0cm; F layer (no H)
(Al): 0-11cm; reddish brown, damp (2.5YR 4/4); clay, with small hard clay nodules;
granular, sub-rounded, medium to large, strong structure; damp, firm consistency;
many very small pores; many fine, medium and larger roots; clear, horizontal
boundary
(A2): 12-36cm; red, damp (2.5YR 4/6); clay, with small hard clay nodules; granular
to sub-blocky, sub-angular, large, moderate; damp, friable consistency; many small
pores; frequent medium and large roots; gradual, horizontal boundary
(Bl/2): 37-140+cm; red, damp (2.5YR 4/8); clay; blocky, angular, large, moderate
structure (notably weaker structure below 90cm); many very small pores; damp,
friable consistency; frequent medium and occasional large roots
Parque Nacional de Brasilia soil profiles: PN 6
Date: 16/09/91; clear, sunny
Location: cerrado area, 20m from track at Novo Setor
Soil class: LEd3
Vegetation: cerrado
Slope: locally at the top of a gentle interfluve; 1°10'
Drainage: very good
(A00): 2-0cm; grass and leaf litter
(Al): 0-10cm; dark reddish brown, damp (2.5YR 3/4); silt clay; granular, sub-
rounded, small to very small, moderate structure; many very small pores; damp
friable consistency; many fine and medium roots and a few larger (to 1cm diam.);
evident termite activity; gradual, horizontal boundary
(A2): 11-29cm; dark red, damp (2.5YR 3/6); silt clay; granular, sub-rounded,
medium, moderate structure; many very small pores; damp friable consistency;
frequent fine and medium roots, with a few larger (to 1cm diam.); frequent termite
activity; diffuse horizontal boundary
(Bl): 30-70cm; red, damp (2.5YR 4/6-4/8); silt clay; blocky, sub-angular, medium,
moderate structure; many very small pores; damp, firm consistency; frequent
medium and occasionally larger (to 1cm diam.) roots; diffuse, horizontal boundary
(B2): 71-160+cm; red, damp(2.5YR 4/6-8); clay, with some hard clay nodules;
blocky, sub-angular, large, weak structure; many very small pores; damp very friable
consistency; few medium and occasionally larger (to 1cm diam.) roots
Parque Nacional de Brasilia soil profiles: PN 7
Date:21/01/90; clear, sunny between heavy storms
Location: campo sujo with sub-shrubs very sparse, on the shoulders of the Chapada
da Contagem, downslope, near the watchtower no 1
Soil class: LVdl3
Vegetation: campo sujo
Slope: top of steep slope facing SW; 1°
Drainage: good, but floods at surface during intense storms
(A00): <lcm grass and light woody litter
(Al): 0-28cm; brown, damp (10YR 5/3); sandy clayey loam; granular, sub-rounded,
small and very small, weak structure; many very small pores; damp very friable
consistency; concentration of lateritic nodules and some cementation; many fine, a
few medium and larger roots; clear horizontal boundary
(A2): 29-53cm; yellowish brown, damp (10YR 5/6); predominantly gravel with
sandy clayey loam matrix; granular, sub-rounded, small, weak structure; many small
pores; damp, friable consistency; many fine and a few medium and large roots; clear,
horizontal boundary
(Bl): 54-62cm; yellowish brown, damp (10YR 5/6-5/8); gravel with sandy clayey
loam matrix (fewer stones than in the A horizons); granular, sub-rounded, small,
weak structure; many small pores; damp, very friable consistency; frequent fine and
medium roots; clear, horizontal boundary
(B2): 63-100cm; strong brown, damp (7.5YR 5/6-5/8); gravel plus silt clay; granular,
sub-rounded, small, weak structure; many small pores; damp very friable
consistency; few fine and medium roots; gradual, horizontal boundary
(C): 101-130+cm; brownish yellow, damp (10YR 6/8); matrix with red, damp,
weathered gravel (2 5YR 4/8), silt clay plus gravel; structure of weathered rock
laminar to granular, sub-rounded, small, weak; many small pores; damp very friable
consistency; transition downwards to weathered rock strata capped by a thin
impermeable band of clay impeding downward percolation; few medium roots
Parque Nacional de Brasilia soil profiles: PN 8
Date: 22/09/90: clear, sunny
Location: cerrado on the Chapada da Contagem plateau, 1km further PN7, along track
parallel to the perimeter fence, along the shoulders of the plateau
Soil class: LEd6
Vegetation: cerrado (medium density)
Slope: top of steep slope, facing S; 1°
Drainage: very good
(A00): 2-0cm; grass litter
(Al): 0-12cm; dark brown, dry (10YR 3/3); sandy loam; granular, sub-rounded,
small, weak structure; many very small pores; slightly damp, very friable consistency;
many fine and medium roots, frequent larger roots (to l/2cm diam.); clear, horizontal
boundary
(A2): 13-34cm; dark brown to brown, damp (7.5YR 4/4); sandy loam; granular, sub-
rounded, small, weak structure; many small pores; damp very friable consistency;
frequent fine with a few medium roots; gradual, horizontal boundary
(Bl/2): 35-102cm; strong brown, damp (7.5YR 4/6); sandy loam; blocky, sub-
angular, large, weak structure; many very small pores; some large pores with clay
film around clay walls; damp very friable consistency; frequent medium roots; sharp,
horizontal boundary
(IIC): 103-140+; yellowish red, damp (5YR 4/6); predominantly fine gravel with
some infiltrated sandy loam; friable stones and gravels, some granular, sub-rounded,
very small weak structure to the sandy loam matrix; frequent medium and occasional
larger (to 1 cm diam ) roots
Parque Nacional de Brasilia soil profiles: PN 9
Date: 21/09/90; clear, sunny
Location: foot slope, near the end of the track at Tres Buracos, by the side of a sink
hole
Soil class: HLd
Vegetation: campo limpo (grassland)
Slope: foot of undulating slope with murundus and sink holes; 4° facing NW
Drainage: good
(A00): l-0cm; slight grass and leaves blown from woody plants growing in the large
sink hole
(Al): 0-20cm; dark brown, damp (10YR 3/3); silt clay; blocky, sub-angular, large,
moderate structure; many very small pores; damp friable consistency; pressure
surfaces; many fine and medium roots and some larger (to l/2cm); clear, uniform,
inclined boundary
(A2): 21-34cm; dark yellowish brown, damp (10YR 4/4); silt clay; blocky, angular,
large, moderate structure; many very small pores; damp friable consistency; pressure
surfaces; frequent faunal holes of 1cm diam ; many fine and frequent medium roots;
clear, undulating, inclined boundary
(Bl): 35-63cm; yellowish brown, damp (10YR 5/8); scattered (5%) dark red, damp
mottles (2.5YR 3/6); blocky, sub-angular, large, moderate structure; many very small
and some small pores; damp very friable consistency; few fine and frequent medium
roots; gradual, uniform, inclined boundary
(B2): 64-127cm; yellowish brown, damp (10YR 5/8) matrix red damp mottles (2.SYR
4/8) 30-40%, small and medium; silt clay; blocky, sub-angular, large, moderate
structure; many very small pores; damp friable consistency; few medium and
occasionally large roots (to 2cm diam ); gradual, uniform, slightly inclined boundary
(B3g): 128-150+cm; strong brown, damp (7.5YR 5/6) matrix; red, damp mottles
(2.SYR 4/8), 50% medium and large; blocky, sub-angular, large, moderate structure;
many-very small and small pores; pressure surfaces; frequent faunal holes infilled
with organic matter; few medium and occasional large roots (to 2cm diam.)
Parque Nacional de Brasilia soil profiles: PN 10
Date: 21/09/90; clear, sunny
Location: Vellozia flavicans dominated shrub grassland, in the mid slope to Tres
Buracos
Soil class: LVd9
Vegetation: campo sujo (Vellozia flavicans)
Slope: linear section, facing N; 2°
Drainage: good
(A00): less than 1cm, grass and scattered leaves
(Al): 0-8cm; brown to dark brown, nearly dry (7.5YR 4/4); sandy clayey loam;
granular, sug-angular, sub-rounded, small to medium, moderate structure; many very
small pores damp friable consistency; many small and medium, and frequent large
roots (to 2cm diam.); gradual, horizontal boundary
(A2): 9-2lcm; brown to dark brown, damp (7.5YR 4/4); clayey loam; blocky, sub-
angular, medium, moderate structure, breaking to granular, moderate; many small
pores; damp friable consistency; few fine and frequent medium roots; gradual,
horizontal boundary
(Bl): 22-47cm; yellowish red, damp (5YR 4/6); clayey loam; blocky, angular, large,
moderate structure; many small pores; damp friable consistency; few medium roots;
gradual, horizontal boundary
(B2): 48-148+cm; yellowish red, damp (5YR 5/8); sandy clay; blocky, sub-angular,
large, moderate; many very small pores; damp friable consistency; few medium and
large (to 2cm diam.) roots
Parque Nacional de Brasilia soil profiles: PN 11
Date: 21/09/90; sunny, clear
Location: Tres Buracos, top of the catenary sequence
Soil class: LVd9
Vegetation: cerrado (shrubby)
Slope: gentle convexity, interfluve facing NE; 2°
Drainage: good
(A00): less than 1cm, grass and scattered leaves
(Al): 0-5cm; brown to dark brown, damp (7.5YR 4/4); clayey loam (including sand
sized charcoal); granular, sub-rounded, small, moderate structure; many very small
pores; damp, friable consistency; many fine, frequent medium roots; clear, horizontal
boundary
(A2): 6-15cm; yellowish red, damp (5YR 4/6); silt clay; blocky, sub-angular, large,
moderate structure; many small pores; damp friable consistency; many fine, frequent
medium, occasional large (to 2cm diam.) roots; gradual, horizontal boundary
(Bl): 16-36cm; yellowish red, damp (5YR 4/6); silt clay; blocky, sub-angular, large,
moderate structure; many small pores; damp very friable consistency; many fine,
frequent medium, occasional larger (to 2cm diam.) roots; diffuse, horizontal boundary
(B2): 37-144+cm; yellowish red, damp (5YR 5/7-5/8); clay with frequent small, hard
clay nodules; blocky, sub-angular, large, weak structure; many small pores; damp
very friable consistency; few medium and occasional larger (to 2cm diam.)roots
Parque Nacional de Brasilia soil profiles: PN 12
Date: 27/07/92; clear, sunny
Location: 20m from track in campo sujo, in a gentle slope near the Acampamento




Drainage: good but floods at surface during intense storms
(A00): sparse material from dead leaves and branches
(Al): 0-7cm; brownish yellow, dry (10YR 6/6), dark yellowish brown, damp (10YR
4/4); clay; blocky, sub-angular, very small to medium, moderate structure; many
very small, many small, and common medium pores; damp friable consistency;
many fine and some medium and larger roots; termite activity; gradual,
horizontal boundary
(Bl): 7-27cm; brownish yellow, dry (10YR 6/8), yellowish brown, damp (10YR
5/8); clay; blocky, sub-angular, very small to medium, moderate structure; many very
small and common medium pores; damp, friable consistency; some fine and medium
roots; termite activity; gradual, horizontal boundary
(B2): 27-150cm+; reddish yellow, dry (7.5YR 6/8), reddish yellow, damp (7.5YR
6/8); clay; blocky, sub-angular, many very small, weak structure; many very small
pores; damp, friable consistency; some fine and medium roots; termite activity
Parque Nacional de Brasilia soil profiles: PN 13
Date: 28/07/92; clear, sunny
Location: 20m from track in the gallery forest head of the Mata da Barriguda
Soil class: LVdl
Vegetation: gallery forest (head)
Slope: 1°
Drainage: good
(A00): 3-lcm; dead leaves and branches forming a layer
(AO): 1-0; advanced decomposed organic matter forming a layer, entangled by
superficial roots
(Al): 0-5cm; reddish yellow, damp (7.5YR 6/8); mottled, many small, brown to dark
brown, damp (7.5YR 4/4); clay; blocky, sub-angular and angular, many very small,
granular, moderate structure; many small pores; damp, slight hard consistency; many
fine, common medium and large roots; gradual, horizontal boundary
(Bl): 5-44cm; reddish yellow, damp (7.5YR 6/8), mottled, common small brown to
dark brown, damp (7.5YR 4/4); clay; blocky, sub-angular and angular, many small,
moderate structure; many small pores; damp friable consistency; many fine, common
medium, and a few larger roots; gradual, horizontal boundary
(B2): 44-79cm; yellowish red, damp (5YR 5/8); clay; strong, very small, granular
structure; many very small pores; damp, very friable consistency; many fine,
common medium and a few larger roots; gradual, horizontal boundary
(B21): 79-150+cm; red, damp (10R 5/8); clay; strong, very small, granular structure;
many very small pores; damp, very friable consistency; some fine and medium, and a
few large roots
Parque Nacional de Brasilia soil profiles: PN 14
Date: 28/07/92; clear, sunny
Location: Vochysia thyrsoidea association on the shoulders of the Chapada da
Contagem, by the side of the track (20m apart) to Tres Buracos




(A00): sparse material from dead leaves and branches, irregular layer
(Al): 0-14cm; brown to dark brown, dry (7.5YR 4/4); sandy loam; blocky, sub-
angular, small granular, moderate structure; many very small pores; damp, very
friable consistency; concretionary, with many ironstones, extremely hard, variable in
size, sub-round, irregular and angular yellow-ferruginous; many fine and medium,
and some larger roots; clear, horizontal boundary
(Bl): 14-40cm; brownish yellow, dry (10YR 6/8); clay; blocky, sub-angular, small,
granular, strong structure; many very small and medium pores, damp, soft
consistency; concretionary, ironstones, extremely hard, variable in size, sub-round,
irregular and angular; yellow-ferruginous ; many fine, common medium, and a few
larger roots; gradual, horizontal boundary
(B2): 40-150+cm; reddish yellow, dry (7.5YR 6/8); loamy clayey sand; strong small
granular structure; many fine pores; very friable consistency; concretionary,
ironstones, extremely hard, variable in size, sub-round, and angular; yellow-
ferruginous; some fine and medium, and a few larger roots
Parque Nacional de Brasilia soil profiles: PN 15
Date: 28/07/92; clear, sunny
Location: 20m from track in cerrado, near the Santa Maria reservoir, in the interfluve





(A00): sparse material from dead leaves and branches, irregular layer
(Al): 0-8cm; yellowish red, dry (5YR 5/8); clay; blocky, sub-angular, small and
large, moderate structure; many small and some medium pores; damp, slightly hard
consistency; many fine, common medium, and few larger roots; clear, horizontal
boundary
(Bl): 8-50cm; yellowish red, dry (5YR 4/8); clay; very small granular strong
structure; many very small pores; damp, very friable consistency; common fine and
medium, and a few larger roots; gradual, horizontal boundary
(B2): 50-150+cm; red, dry (2.5YR 4/8); clay; very small granular strong structure;
many very small pores: damp, very friable consistency; common medium and a few
larger roots
Parque Nacional de Brasilia soil profiles: PN 16
Date: 30/07/92; clear, sunny






(A00): sparse material from dead leaves and branches, irregular layer
(Al): 0-3cm; reddish brown, dry (2.5YR 5/4); clay; blocky, sub-angular, moderate
structure; many very small and common medium pores; damp, friable consistency;
many fine, common medium and a few larger roots; clear, horizontal boundary
(Bl): 3-20cm; red, dry (2.5YR 4/6); clay, very small granular, strong structure; many
very small pores, damp, friable consistency; many fine, common medium and a few
larger roots; diffuse, horizontal boundary
(B2): 20-150+cm; red, dry (2.5YR 4/8); clay; very small granular, strong structure;
many very small pores; damp very friable consistency; common fine and medium,
and a few larger roots
Parque Nacional de Brasilia soil profiles: PN 17
Date: 30/07/92; clear, sunny
Location: 10m from track in a mountainous interfluve named Invernada (along





(A00): sparse material from dead leaves and branches
(Al): 0-8cm; pale red, dry (2.5YR 6/2); loamy sand; granular, weak structure; many
very small and small pores; damp,loose consistency; many concretions ofmany sizes
and forms, ironstones, and sandstones covered by Fe and Al oxides; many fine and a
few medium roots; clear, horizontal boundary
(Bl): 8-23cm; light red, dry (2.5YR 6/6); loamy sand; granular, weak structure;
many very small pores; damp, loose consistency; concretionary, ironstones, and
sandstones covered by FE and Al oxides; many fine and common medium roots;
diffuse, horizontal boundary
(B2): 23-40cm; light brown, dry (7.5YR 6/4); loamy clay; very small, granular,
strong structure; many very small pores; damp, soft consistency; concretionary,
ironstones, and sandstones covered by Fe and Al oxides; common fine and medium
roots; diffuse, horizontal boundary
(C): 40-150+cm; pink, dry (7.5YR 7/4), very weathered, mottled sandstones, reddish
yellow (5YR 7/8), light grey (7.5YR 7/2), light red (10R 6/8); loamy clayey sand;
most part structureless, and some very small, granular, strong structure; damp, loose
consistency; many very small pores, some fine and medium roots
Parque Nacional de Brasilia soil profiles: PN 18
Date: 30/07/92; clear, sunny
Location: 20m from track, the second profile after the watchtower no 1 at the




Drainage: good but floods at surface during intense rainfall
(A00): sparse material from dead leaves and branches, irregular layer
(Al): 0-15cm; brown, dry (7.5YR 5/4); sandy loam; small, granular, moderate
structure; many very small and small pores; damp, loose consistency; many fine,
common medium, and a few larger roots; clear, horizontal boundary
(Bl): 15-70cm; reddish yellow, damp (7.5YR 7/8); sandy loam; small, granular
moderate structure; many very small pores; damp, loose consistency; many fine,
common medium, and a few larger roots; diffuse, horizontal boundary
(B2): 70-150+cm; reddish brown, damp (5YR 6/8); loamy clay; very small, granular
strong structure; many very small pores; damp, loose consistency; concretionary,
ironstones and weathered sandstones; a few fine and larger, and some medium roots
Parque Nacional de Brasilia soil profiles: PN 19
Date: 30/07/92; clear, sunny
Location: By the side of the track that follows the shoulders of the Chapada da
Contagem , after the crossing track from P6 (gate 6 - seismological station), in a
Trembleya latifolia community
Soil class: Plinthic
Vegetation: closed scrub (thicket) of Trembleya latifolia
Slope: 3°
(A00): sparse material from leaves, irregular layer
(Al): 0-15cm; light yellow brown, dry (10YR 6/4); loamy clayey sand; blocky, sub-
angular, small, weak structure; many very small and small pores; damp loose
consistency; many fine, common medium and a few larger roots; termite activity;
gradual, horizontal boundary
(B2): 15-115cm; yellow, damp (10YR 7/8), mottled, 10%, damp (10R 4/8); loamy
clayey sand; small, granular, weak structure; many small pores; damp, very friable;
few fine, common medium, and a few larger roots; clear horizontal boundary
(C): 115-150+cm; weathered rocks, yellow-red colours
Parque Nacional de Brasilia soil profiles: PN 20
Date: 30/07/92; clear, sunny
Location: 20m from the track that follows the shoulders of Chapada da Contagem,
after PN 19, in a Vochysia thyrsoidea association




(A00): sparse material from leaves and branches, irregular layer
(Al): 0-19cm; pale brown, dry (10YR 6/3); clay; small, granular, strong structure;
many small pores; damp, loose consistency; concretionary, ironstones; clear,
horizontal boundary
(B2): 19-110cm; brownish yellow, dry (10YR 6/8); sandy loam; small, granular,
weak structure; many small pores; damp, loose consistency; concretionary,
ironstones; common fine and medium, and a few larger roots; clear, horizontal
boundary
(C): 110+cm; sand; coloured by Fe and Al oxides, structureless, damp, loose
consistency; mottled, large, white and red
Parque Nacional de Brasilia soil profiles: PN 21
Date: 30/07/92; clear, sunny
Location: cerrado on outcrops at the downslope from the Chapada da Contagem





(A00): sparse material from leaves and branches
(Al): 0-5cm; light yellowish brown, dry (10YR 6/4); loamy sand; granular, weak
structure; many small pores; damp, very friable; concretionary, ironstones; many
fine, common medium and a few larger roots; clear, horizontal boundary
(B2): 5-28cm; brownish yellow, dry (10YR 6/6); loamy sand; granular, weak
structure; many small pores; damp, very friable; concretionary, ironstones; common
fine and medium roots, and a few larger roots; gradual, horizontal boundary
(C): 28-75cm; yellow, dry (10YR 7/6); loamy sand; granular, weak structure; many
small pores; weathered sandstones, covered by Fe and Al oxides; a few fine, medium
and larger roots; clear, irregular slope boundary
(R): 75-150+cm; slate; reddish
Parque Nacional de Brasilia soil profiles: PN 22
Date: 30/07/92; clear, sunny
Location: forest with palm trees at the bottom slope, interfluve, in the Torto river
margin
Soil class: Cd4
Vegetation: interfluve forest, with palm trees
Slope: 4°
Drainage: good
(A00): 7-3cm; dead leaves from palm trees, and from other plants
(AO): 3-0cm organic material entangled by root surface layer
(Al): 0-10cm; brown to dark brown, dry (7.5YR 4/4); loamy sand, with sandstones
blocks of different sizes, common larger; blocky, sub-angular, and granular, single
grain, moderate to weak structure; many small and common medium pores; damp,
loose consistency; many fine, common medium and a few larger roots; clear,
horizontal boundary
(Bl): KMOcm; yellowish red, dry (5YR 4/6); loamy sand, sandstones large rocks;
granular, single grain, structureless; many small pores; damp, loose consistency;
common fine, and a few medium and large roots; irregular, diffuse boundary
(C): 40+cm; large sandstones rocks, with sand between the cracks, where a few
larger roots can be established
Parque Nacional de Brasilia soil profiles: PN 23
Date: 30/07/92; clear, sunny






(A00): sparse material, from dead leaves and branches
(Al): 0-5cm; yellowish red, dry (5YR 4/8); clay; blocky, sub-angular to angular,
moderate structure; many very small pores; damp, friable consistency; many fine,
common medium, and a few larger roots; clear, horizontal boundary
(Bl): 5-15cm; red, dry (2.5YR 4/8); clay, very small, granular, strong structure;
many very small pores; damp, friable consistency; many fine, common medium, and
a few larger roots; diffuse, horizontal boundary
(B2)15-150+cm; red, dry (2.5YR 5/8); clay; very small, granular, strong structure;
many very small pores, damp, friable consistency; some fine and medium, and a few
larger roots
Parque Nacional de Brasilia soil profiles: PN 24 ,
Date: 30/07/92; clear, sunny
Location: Tres Barras stream; gallery forest head
Soil class: LVdl
Vegetation: gallery forest (head)
Slope: 10°
Drainage: good
(AO): 10-7cm; dead leaves and branches
(A00): 7-0cm; layer of organic material entangled by surface roots
(Al): 0-11cm; yellowish brown, damp (10YR 5/6); clay; blocky, sub-angular, small,
medium, and large, moderate structure; many very small, common medium and few
large pores; damp, very firm consistency; many fine, common medium and large
roots; clear, horizontal boundary
(Bl): ll-25cm; yellowish brown, damp (lOyr 5/8); clay; blocky, sub-angular and
angular, medium and large, moderate structure; many very small pores; damp, very
firm consistency; many fine, common medium and large roots; gradual, horizontal
boundary
(B2): 25-70cm; reddish yellow, damp (7.5YR 6/8); clay; blocky, sub-angular and
angular, medium and large, moderate structure; many very small pores; damp, very
firm consistency; common fine , medium and larger roots; clear, horizontal boundary
(C): 70-150+cm; reddish yellow, damp (7.5YR 6/8), mottled (10R 5/6); weathered
slate, reddish yellow
Parque Nacional de Brasilia soil profiles: PN 25
Date: 30/07/92; clear, sunny




Slope: at the base of a slope about 15°
(A00): sparse material from dead leaves and branches
(Al): 0-3cm; light grey, dry (10YR 7/2); clay; concretionary ironstones and
sandstones; blocky, sub-angular, small, granular, strong structure; many very small
pores; damp, very friable consistency; many fine, and some medium roots; clear,
horizontal boundary
(B2): 3-10cm; very pale brown, dry (10YR 7/4); loamy clay; concretionary,
ironstones and sandstones; very small, granular, strong structure; many very small
pores; damp very friable consistency; many fine and a few medium roots; clear,
irregular boundary
(C): 10-150cm+; weathered reddish slate
Parque Nacional de Brasilia soil profdes: PN 26
Date: 11/08/92; clear, sunny





(A00): 10-4cm; leaves and other dead plant materials
(AO): 4-0cm; organic material entangled by surface roots
(Al): 0-10cm; light brown, dry (7.5YR 6/4); clay, concretionary, ironstones and
quartzites; blocky, sub-angular, small moderate structure; many fine, common
medium and some larger pores; damp, friable consistency; many fine, common
medium and a few larger roots; clear, horizontal boundary
(Bl): 10-40cm; reddish yellow, dry (7.5YR 7/6); loamy clay; concretionary,
ironstones and quartzites; blocky, sub-angular, small, moderate structure; many small
pores; damp, firm consistency; common medium and a few larger roots; clear,
horizontal boundary
(C):weathered slate
